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P R E F A C E 
Poikilodermia, defined as fluctuation in core temperature of more than 2°C 
due to changes in ambient temperature, is probably the most frequent central disor­
der of temperature regulation in man However, the diagnosis of poikilothermia is 
difficult for various reasons, and only very few patients with this disorder have been 
reported in any detail. Consequently, the pathophysiology and clinical implications 
of human poikilothermia have so far remained virtually unknown. 
The present study was performed in four female patients with acquired poikilo­
thermia to explore the underlying pathophysiological mechanisms and to establish 
the effects of intermittent or sustained hypothermia, and subsequently normother-
mia, on mental and physical functions. 
The Introduction represents a review of human thermoregulation and its disor­
ders, with emphasis on poikilothermia. The first part of the Introduction provides 
background information on the normal autonomic and behavioral regulation of 
body temperature in man, including the physiological responses to cold and heat 
stress. In the second part an outline is presented of the pathophysiology and clinical 
implications of thermoregulatory disorders, including hypothermia, hyperthermia 
and poikilothermia Since patients with poikilothermia are at nsk for both 
hypothermia and hyperthermia, adequate recognition and knowledge of the under­
lying pathophysiology and clinical implications of these disorders are pivotal for the 
clinical management of patients with poikilothermia. Reports of inherent and 
induced poikilothermia in animals, and cases of poikilothermia (including our 
patients) are summarized and an overview is presented of the clinical implications 
for the diagnosis and management of poikilothermia in humans. 
In Chapters II, III, IV, and V, the studies of the pathophysiology of poikilother­
mia in our four patients are described, with emphasis on the main effector 
mechanisms in thermoregulation, ι е., heat production, (skin) vasomotor function, 
and sweat secretion. Chapters VI and VII report on the electrophysiological effects 
of steady spontaneous hypothermia on the heart and the nervous system, respective­
ly. A summary and general conclusions are presented in Chapter VIII 
The present study was performed in only four patients with acquired 
poikilothermia. Many questions remain to be elucidated, and additional studies are 
required to confirm our results, and to further examine the influence of different 
levels of spontaneous steady hypothermia and hyperthermia on both physical and 
neuropsychological functions. Regarding the influence of severe thermolabihty on 
both mental and physical function, and the therapeutical modalities (particularly 
using behavioral measures) available to prevent large fluctuations in core temperatu­
re and the complications of obvious hypothermia and hyperthermia once the diag­
nosis has been made, we hope that the present study will contribute to better recog­
nition and management of poikilothermia in humans. 

CHAPTER 1: INTRODUCTION 
REVIEW OF HUMAN THERMOREGULATION AND ITS 
DISORDERS, WITH EMPHASIS ON POIKILOTHERMIA 
M.A. MacKenzie, E. Schönbaum 
(submitted) 

PHYSIOLOGY OF THERMOREGULATION 
1.1 TEMPERATURE REGULATION IN MAN 
1.1.1. Historical background 
'So long as cold and heat are present together they are harmless, for heat is tem-
pered by cold and cold by heat. But when the two principles are separated from 
each other then they become harmful.' (Hippocrates, Tradition in Medicine).1 
Regulation of the balance between cold and heat and a relatively constant core 
temperature are pivotal for human individuals to survive in a wide range of environ-
mental conditions. The importance of this thermal equilibrium was recognized in 
the fifth century B.C. by Hippocrates (460-375 B.C.). 
Throughout history the origin and nature of body temperature have fascinated 
many philosophers and physicians. In Timaeus, Plato (428-348 or 347 B.C.) sugge-
sted that the source of body heat was an inner fire that was generated in the blood 
and concentrated in the heart; he also argued that body heat was a result of adequate 
proportions of cold and heat. Aristode (350 B.C.) used for the formation of his 
doctrine of opposites the relationship between the Humors (yellow bile, black bile, 
phlegm and blood), the Elements (fire, earth, water and air) and the Qualities (hot, 
dry, cold and wet). He adopted the idea that innate heat in the heart was the source 
of life and of all powers. Yet when he put forth his doctrine of the five senses — 
sight, hearing, smell, taste and touch —, he omitted a sense of cold and heat.2,3 
It was not until the second century A.D. that Galen of Pergamon (160 A.D.) 
suggested that in addition to the fifth sense, 'touch', there should be added a sense of 
heat and cold.4 Based on Galen's theories, in the late fourth century A.D., Nemesius 
(Bishop of Emesa) described in 'On the Nature of Man' that the innate heat origina-
ted in the heart and was distributed by the blood. In the early eleventh century 
A.D., Ibn Sina (Avicenna, 980-1037 A.D.) wrote the 'Cannon of Medicine', based on 
ancient and Muslim medical knowledge. He argued that innate heat was related to 
vitality, whereas external heat or fire was harmful. A strong internal heat was pivotal 
for health, a weak one resulted in disease and putrefaction.3 
Paracelsus (1490-1541 A.D.) made a distinction between the production of heat 
with flame, as in fire, and without flame, as in the body. He associated the latter heat 
with vital force (the archaeus), with the presumed location in the stomach; further-
more, he mentioned several preparations that would increase or lower temperature.3 
The paradigm of the origin of body heat in the heart was further challenged by 
William Harvey (1578-1657 A.D.), who eventually argued that body heat was a 
characteristic of the blood. This concept was criticized by René Descartes (1596-
1650 A.D.), whose mechanical explanation of body heat originating in the heart was 
similar to the ideas of Aristode and Galen. The mechanical explanation for the 
production of body heat was supported by Herman Boerhaave (1668-1738 A.D.) 
and others, who argued that friction in the lungs was one of the most important 
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sources of heat production and that the circulatory system plays a role in both 
production and distribution of innate heat. In contrast, many scientists have hypo-
thesized that the production of animal heat had to be attributed to chemical pro-
cesses. The latter concept was strongly supported by the research of Antoine 
Lavoisier (1743-1794 A.D.) and later Justus Liebig (1803-1873 A.D.), who develo-
ped the theory of oxygen consumption and its significance for life processes.3 
A most valuable contribution toward the understanding of thermoregulation in 
homeothermic beings was made by Claude Bernard (1813-1878 A.D.), who recog-
nized the discoveries of Lavoisier and Liebig that the sources of animal heat resided 
in metabolic processes of the body, and defined the role of the autonomic nervous 
system in modifying heat loss through regulation of the blood flow to the surface.5 
In fact, the concept of thermoregulation of 'warm-blooded' creatures became one of 
the chief manifestations of his theory of homeostasis. Based on observations in 
febrile patients, Carl Liebermeister (1833-1901 A.D.) hypothesized a central control 
mechanism for body temperature and defined fever as a regulation of body tempera-
ture at a higher level.3,6·7 In 1888 A.D., William H. Welch defined the mechanisms 
for heat production and heat dissipation and postulated that the thermoregulatory 
center was located near the thalamus.8 During the 1930s, the central role of the 
hypothalamus in body temperature regulation in mammals was established by 
Ranson and coworkers.9 Subsequently, the paramount role of the endocrine system 
in the biochemical regulation of body heat production was disclosed by numerous 
investigations, involving in particular the thyroid, the adrenal medulla and the 
adrenal cortex.3,10"13 However, despite a multitude of experiments and impressive 
progress in understanding of many mechanisms involved in thermoregulation, the 
exact way in which body temperature is regulated has remained controversial in 
many respects. 
1.1.2. Poikilothermia and homeothermia 
The majority of all animal species are poikilotherms, whereas birds and mammals 
are homeotherms. Homeothermia is characterized by the ability to regulate the core 
temperature within a narrow range by physiological (both autonomic and behavio-
ral) mechanisms. Homeothermic creatures rely on insulation and metabolic energy, 
but thermoregulatory behaviour remains the predominant means of body tempera-
ture regulation.14 The evolutionary changes in thermoregulation from poikilother-
mia to homeothermia have enabled birds and mammals to achieve optimization of 
the functions of the body, and in particular greater stamina, thereby giving them 
major advantages in the phylogenetic development.15 As a drawback, the state of 
homeothermia induces a marked narrowing of the range of tolerated body tempera-
tures and demands much higher energy requirements to maintain a relatively high 
core temperature and resting metabolic rate. Concomitandy, the capacity for 
enzyme modulation as a function of temperature was lost in the achievement of 
homeothermia.14,16 These changes put homeothermic species at risk for potentially 
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life-threatening hypothermia and hyperthermia when the autonomic and behavioral 
thermoregulatory capacity is overwhelmed. 
The term poikilothermia (Gr. poikilos = 'manifold' or 'variegated') refers to the 
lack of regulated constancy of body temperature; consequendy, body temperature in 
Poikilothermie animals can show large variations, and depends to a major extent on 
environmental conditions and behavioral thermoregulation. By mistake, Poikilo-
thermie animals have been called 'cold-blooded'. However, core temperature may 
rise to high levels in many species (with concurrendy an increase in metabolic rate), 
provided only that there is adequate input of heat from the environment. Since the 
decisive difference between poikilotherms and homeotherms relates to the level of 
the endogenous metabolic rate, it is more rational to distinguish between 
bradymetabolic and tachymetabolic species, respectively.17 Poikilothermia does not 
preclude behavioral thermoregulation, which is in fact essential to achieve a pre-
ferred core temperature in order to satisfy the demands of thermal comfort, and 
metabolic and survival requirements. 
Homeothermia is defined as the pattern of temperature regulation in which the 
cyclic variation in core temperature, either nychthemerally or seasonally, is main-
tained within arbitrarily defined limits of ± 2°C despite much larger variations in 
ambient temperature.18 Therefore, it is not the level of core temperature that is 
decisive for homeothermia but its degree of autonomic regulation. 
Homeothermia in man is achieved by the complex coordination of autonomic 
and behavioral thermoregulatory responses. These responses involve several regula-
tory systems, including cardiovascular, endocrine, respiratory, sudomotor, and 
neuromuscular systems, as well as thermoregulatory behaviour.19 Consequendy, 
human core temperature is maintained within narrow limits due to a highly 
sophisticated balance between heat gain and heat loss, largely regardless of marked 
changes in environmental temperature and physical activity. Humans have an 
eminent capacity to dissipate heat but only a limited capacity to conserve heat; like 
other mammals, man has to rely to a major extent on behavioral thermoregulation 
in order to survive, particularly in cold and moderate climates.17 
Í.Í.3. Outline of thermoregulatory neuronal pathways 
Temperature regulation in man is predominantly controlled by the thermoregu-
latory centers in the hypothalamus functioning as a negative-feedback control 
system; an imminent rise in core temperature initiates mechanisms for heat dissipati-
on, and a decline in core temperature is prevented by activation of mechanisms for 
heat conservation and heat production.20 
The hypothesis of a hypothalamic 'set-point' for core temperature was elaborated 
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by Vendrik,21 and served as the basis for the concept of various neuronal models of 
thermoregulation, with a specific hypothalamic set-point temperature for each 
thermoregulatory response. Thermoafferent information from peripheral and central 
thermosensors is compared to the reference temperature; any difference between 
afferent temperature signals and set-point temperature induces a thermoregulatory 
response to limit the divergence.u·22·23 
To this concept of a reference temperature was added that of a 'null-point' or 
'null-zone'. The temperature thresholds for thermoregulatory heat loss and heat gain 
effector activities are regulated so as to remain within this range. Actually, peripheral 
temperature can alter the set-point or temperature threshold, as well as the hypotha-
lamic thermosensitivity for several thermoregulatory responses.14,23,24 
The regulation of human body temperature is not controlled by a single neural 
area, but by a hierarchic neuronal network of thermoregulatory pathways, extending 
from the hypothalamus and limbic system to the lower brainstem and reticular 
formation, to the spinal cord and peripheral sympathetic pathways;25 additionally, in 
behavioral thermoregulation the cerebral cortex is critically important. 
In animal studies, several thermosensitive and thermoregulatory structures have 
been demonstrated in the preoptic area / anterior hypothalamus and septum (POAH 
region), posterior hypothalamus, midbrain, pons, medulla, and the spinal cord.14 
The POAH region is considered as the predominant site for integration of central 
and peripheral information and for control of thermoregulatory effector responses. 
The evidence for the central role of the POAH region in the control of body tem-
perature is derived from various neurophysiological studies, involving local stimula-
tion of neural sites, induction of neural lesions, and electrophysiological recordings 
of thermosensitive neurons.19 The paramount importance of the hypothalamus in 
thermoregulation is emphasized by the occurrence of hyperthermia, hypothermia, 
or poikilothermia in animals with hypothalamic lesions.9,26"30 
There is some evidence that heat dissipation, heat conservation and heat produc-
tion are governed by various thermoregulatory centers in the hypothalamus.31 
However, although the exact localization and interdependency of the thermo-
regulatory pathways within the brain remain to be established, the central regulation 
of body temperature is more complicated and probably mediated by a complex 
hierarchy of neural integration and control for each thermoregulatory response.19,32 
When one thermoregulatory center is lesioned, control by lower neural areas over 
some thermoregulatory responses often increases, and, even in animals with POAH 
lesions, thermoregulation is not necessarily impaired.14 In animal studies, autonomic 
thermoregulatory responses are induced predominandy by thermal stimulation of 
the POAH region, whereas behavioral thermoregulation can be elicited by stimula-
tion of either the POAH region or the posterior hypothalamus.33,34,35 Since 
behavioral thermoregulation often remains intact in POAH lesions that abolish 
autonomic responses, autonomic and behavioral thermoregulatory systems partly 
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presumably originate in different anatomical pathways.19 
Body temperature regulation is mediated by the three components of the 
thermoregulatory reflex arch, i.e. thermosensors and afferent neural pathways, 
centers for thermal integration, and effector pathways for autonomic and behavioral 
thermoregulation. The thermal information originates from the thermoreceptors in 
the POAH region, midbrain, medulla, spinal cord, skin, and, possibly, abdominal 
viscera.36 The afferent information is integrated in the highly thermosensitive 
POAH region, with considerably more warm-sensitive than cold-sensitive neurons. 
This region has partial control over virtually all physiological and behavioral 
thermoregulatory responses. Localized preoptic cooling causes an increase of both 
heat production and heat conservation, and various behavioral responses; conversely, 
preoptic heating provokes skin vasodilatation, sudomotor activity and behavioral 
responses for heat dissipation.25 After processing of the thermal signals in the 
posterior hypothalamus, thermoregulatory effector responses are mediated via the 
efferent autonomic pathways and by thermoregulatory behaviour. The control of 
these effector responses may be compared with that by a thermostat that responds to 
a variety of stimuli, including sensory impulses involved in flushing or sweating, 
behavioral impulses, exercise, endocrine impulses, and probably the central blood 
temperature.37 The various converging excitatory and inhibitory peripheral influen-
ces on the central thermoregulatory centers markedly change the relation between 
the activities of core temperature sensors and thermoregulatory responses, thereby 
inducing temporary alterations in the temperature thresholds of the effector mecha-
nisms.38 Furthermore, hypothalamic thermoregulatory processing can be affected by 
higher cerebral activities, as demonstrated by changes in thermoregulatory responses 
during sleep and mental stress.36 
1.1.4. Thermoregulatory effector mechanisms 
From a thermoregulatory point of view, the human body can be thought of as a 
model with three thermal zones, i.e., superficial zone (skin and subcutaneous tissue), 
intermediate zone (skeletal muscles), and deep zone (body cavities), in which the 
core temperature is protected by the outer layers that modulate heat loss and 
gain.39,40 The rate of heat transfer depends on the thermal gradient between the core 
and shell of the body, and on the thermoregulatory capacity to balance heat produc-
tion and heat dissipation. 
Heat transfer within the body and to its environment follows the laws of thermal 
equilibration, and involves four physical processes and three physiological effector 
mechanisms; recognition of these laws is a prerequisite to understand the physiology 
and pathophysiology of thermoregulation in man. A summary of thermoregulatory 
effector mechanisms is oudined in figure 1 (adapted from reference 41).41 
The physical processes include: (1) conduction, the transfer of heat by direct 
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contact, which becomes of critical concern in (cold) water immersion where 
thermal conductivity is estimated to be 32 times that of air; (2) convection, the 
transfer of heat from the warmed superficial layer of air adjacent to the skin by a 
moving current of air; (3) radiation, the transfer of energy by infra-red electro-
magnetic waves, depending on a thermal gradient between body surface and 
ambient air; and (4) evaporation of water. Importantly, the paramount role of 
behavioral thermoregulation in homeothermia is closely related to these physical 
processes. 
The principal autonomic effector mechanisms to achieve homeothermia in man 
include metabolic heat production, skin vasomotor activity and sudomotor function. 
The rate of heat production is a result of shivering and nonshivering 
thermogenesis. Shivering occurs if maintenance of the preferred core temperature is 
compromised by obvious cold exposure or if the preoptic 'set-point' temperature is 
reset to a markedly higher level than the actual core temperature (fever). 
conduction 
convection 
radiation 
A evaporation 
Figure 1. Outline of thermoregulatory effector mechanisms 
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The posterior hypothalamus is an important neural area in the control of shiver­
ing; however, animal studies show that lesions in the more rostral parts of the 
hypothalamus can also cause seriously impaired shivering and heat production in 
combination with failure of heat dissipating mechanisms.28,30 
Nonshivering thermogenesis, generated as 'by-product' of cellular metabolic pro­
cesses, can be classified into obligatory nonshivering thermogenesis (basal metabolic 
heat production and diet-induced thermogenesis), and thermoregulatory nonshiveri-
ring thermogenesis (mainly in brown adipose tissue in the human neonate and in 
certain other species, e.g. rodents).42 The resting metabolic rate is markedly affected 
by the effects of thyroxine, epinephrine, norepinephrine, sympathetic stimulation, 
diet and (long-term) alterations in temperature. 13·36·'IЗ·4', 
The functional integrity of the thermoregulatory effector mechanisms that 
subserve the heat exchange between the body and its environment, i.e. skin 
vasomotor activity and sudomotor function, is pivotal to maintenance of thermal 
equilibrium in humans.45 Control of skin blood flow and sweating is mediated by 
the sympathetic nervous system and predominandy depends on the core tempera­
ture, but is markedly influenced by the skin temperature.36,45"49 Modulation of skin 
blood flow is a very important autonomic means of thermoregulation in a thermo-
neutral environment, and along with behavioral thermoregulation, is the first 
response to changes in hypothalamic, spinal, or skin temperature.14 Heat conserva­
tion is achieved by an increased vasoconstrictor outflow to the skin blood vessels, 
particularly to the arteriovenous anastomoses in the distal extremities, and by 
decrease of sweating. Conversely, heat dissipation is mediated by a rise in eccrine 
sweat secretion and skin vasodilatation; the latter facilitates also evaporative heat loss 
by warming the skin surface. 
Sweating is the principal mechanism to protect the body from overheating in a 
hot environment or during strenuous exercise; unlike in many animals, evaporative 
heat loss via the respiratory tract is of minor importance in humans. When ambient 
temperature exceeds skin temperature, the only effective means for heat dissipation 
is evaporative heat loss, which depends largely on wind velocity and ambient 
humidity.44,50 Only sweat that is evaporated from the body surface contributes to 
heat dissipation, with removal of 58 kcal of heat for every 100 ml of water evapor­
ated. The rate of sweat secretion depends on many variables, including core and skin 
temperature, endogenous heat production, environmental heat load, acclimatization, 
state of hydration, plasma electrolyte concentration, age, and concomitant medicati­
on. Sweat can be secreted by apocrine or eccrine sweat glands; the apocrine glands 
are restricted to a few hirsute places and have little thermoregulatory significance. 
Eccrine sweat glands are distributed abundandy all over the body, and have a very 
high secretory capacity, particularly on the head and trunk. 
Sudomotor activity depends on core and skin temperature, and the integrity of 
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eccrine sweat glands and sympathetic cholinergic pathways, primarily controlled by 
the POAH region.36 Warming the skin above 33° С can increase the rate of swea­
ting and decrease the hypothalamic threshold temperature for sweating;'19 conversely, 
cooling of the skin has the opposite effect. In general, sweating does not occur at an 
oral temperature below 37 °C.1 4 
Homeothermia in man is achieved by the close cooperation of autonomic and 
behavioral thermoregulation. As noted above, autonomic thermoregulation in man 
has a restricted capacity, particularly with regard to cold tolerance, and homeother­
mia depends largely on thermoregulatory behaviour. Unfortunately, the importance 
of thermoregulatory behaviour in the maintenance of thermal stability in human 
individuals is frequendy not acknowledged in the literature and management of 
thermoregulatory disorders. 
In humans, the autonomic thermoregulatory responses are primarily directed to 
achieve a virtually constant core temperature; in contrast, the primary purpose of 
thermoregulatory behaviour is to keep the skin temperature at a point of thermal 
comfort.1 4 1 7 Thermoregulatory behaviour depends on both an intact conscious 
sensation of thermal discomfort, which is affected by the prevailing level of core 
temperature,17 and the capacity to fulfil the comfort requirements by locomotion or 
manipulation of insulation and environmental conditions. Both inherent and learned 
behavioral responses can be elicited by changes in skin temperature or hypothalamic 
(particularly POAH) temperature; autonomic responses are predominandy induced 
by thermal stimulation of the POAH region and thermoregulatory behaviour can be 
provoked by temperature changes of the POAH region or posterior 
hypothalamus.14,23 In humans with thermoregulatory disorders, adequate compensa­
tory behavioral thermoregulation can hamper the recognition of the failure of 
autonomic thermoregulatory mechanisms to withstand cold or heat stress.41 
Behavioral thermoregulation is coordinated by the hypothalamic centers for 
thermoregulation and the cerebral cortex; dysfunction of these structures or loss of 
peripheral thermosensitivity can seriously jeopardize inherent or learned behavioral 
thermoregulation, and thereby maintenance of a relatively stable core temperature. 
When core and skin temperature tend to decrease, generally as a result of cold stress, 
the typical behavioral responses will consist of putting on warm protective clothing, 
postural adjustments, modulation of environmental conditions (seeking or creating a 
higher ambient temperature and shelter against wind and moisture), physical 
exercise, drinking hot liquids, and eating to fulfil increased metabohc demands.1 4 '1 
These behavioral measures are routinely applied in the case of an elevation of the 
preoptic 'set-point' temperature, as in fever. Conversely, a rise in core temperature 
during heat exposure is antagonized by behavioral responses including modulation 
of clothing and environmental conditions (seeking a cool environment, air-
conditioning, use of fan and parasol, cool water immersion, etc.), postural changes, 
decrease of physical activity, and adequate fluid intake to prevent dehydration.14,31 
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Furthermore, based on technological progress, humans are able to closely monitor 
core temperature and (even forecasting) environmental thermal conditions, which 
markedly facilitates early recognition and prevention of deviations in core tempera-
ture. Obviously, man's unique ability to respond to and manipulate environmental 
conditions and to protect the body against thermal stress has gready increased the 
capacity of behavioral thermoregulation, and thereby the possibility of working and 
surviving even under the most extreme thermal conditions. 
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1.2 CORE TEMPERATURE A N D ITS MEASUREMENT 
Í.2.1. Normal core temperature 
The outcome of normal thermoregulation is that, over a wide range of ambient 
temperatures, human core temperature is maintained at a relatively stable level. It is 
not practical to designate an exact upper level of normal core temperature because 
there are small differences among normal subjects and considerable variation in a 
given individual.37 Therefore, it is preferable to consider a range of core temperatu-
res that are encountered in normal subjects. In general, however, the average 
temperature is approximately 37.3 — 37.6 е С when measured rectally, and 36.7 — 
37.0°C when measured orally.4'1 
The best way to assess the normal core temperature is by recording at rest in a 
thermoneutral environment; i.e., the ambient temperature range over which core 
temperature is regulated with minimal activation of metabolic and evaporative 
processes. For a naked adult, the zone of physiological thermoneutrality is between 
28 and 30°C.4 
Several factors affect the core temperature. First, there is a distinct circadian 
rhythmicity in core temperature in healthy individuals. After a nadir at 2 A.M. to 6 
A.M., core temperature rises steadily up to a zenith at 4 P.M. to 10 P.M.; the 
amplitude of this diurnal variation is about 0.6°C up to 1.5°C in adult man.23 It has 
been hypothesized that the diurnal rise in core temperature is caused by physical 
activity, and the nocturnal dechne by inactivity; however, the circadian temperature 
rhythm is not reversed in individuals who work at night and sleep during the day.52 
Circadian rhythmicity is usually preserved (with a higher nadir) in febrile diseases 
and disappears in other types of hyperthermia. Possibly changes in activity of 
thermoregulatory effector mechanisms contribute to circadian rhythmicity. In 
animals, during rapid-eye-movement (PvEM) sleep both vasomotor activity and 
sweating are attenuated; the changes in thermoregulation during this phase of sleep 
involve widening of the interthreshold zone between heat production and heat 
dissipation, thereby rendering the animal Poikilothermie within a broader range of 
body temperatures.53 In humans, the threshold values for sweating and vasodilatation 
over 24 hours show considerable variability and relationship to the circadian 
rhythmicity of core temperature.54 
Second, the menstrual cycle significandy affects core temperature. In women, 
rectal temperature is about 0.5°C lower before the ovulation than in the postovula-
tory phase, presumably due to displacement of the set-point for core temperatu­
re.
2 3
·
5 5 
Third, physical activity and exercise can markedly increase core temperature. 
Muscle temperature rises rapidly after the start of steady exercise and can soon 
exceed 40 "C. 5 6 The subsequent rise in blood temperature triggers the heat dissipa­
ting mechanisms. After equilibrium is attained, the temperature level depends on the 
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intensity of exercise but relatively little on ambient temperature. However, high 
environmental heat load and dehydration markedly compromise the ability of the 
body to achieve a thermal equilibrium during heavy exercise, as is observed repea­
tedly in long-distance runners during hot summer days; core temperatures of 42 or 
43° С have been recorded in runners finishing a marathon or shorter distant 
events.55-57"59 
Furthermore, core temperature in resting individuals can exhibit small changes 
during cold and heat stress. These changes can be attributed to minor imperfections 
of the thermoregulatory mechanisms, through either an impaired or exaggerated 
response to the thermal stress. Many drugs affect both autonomic and behavioral 
thermoregulation, and thereby inhibit the ability to withstand cold and/or heat 
stress.38'60,61 Particularly ethanol, neuroleptics and barbiturates in high doses can 
severely depress thermoregulatory systems and may thereby render the subject 
virtually Poikilothermie. Alcohol abuse potentiates the effects of most drugs that 
depress the central nervous system.38 Conversely, any condition that enhances 
metabolic rate may result in (slight) elevations of core temperature, particularly if 
there is no compensatory sudomotor or behavioral response. 
1.2.2. Measurement of core temperature 
The importance of body temperature in the evaluation of disease and response to 
treatment was already acknowledged in the time of the early Egyptians, and all 
through Antiquity and Middle Ages, palpation by hand of the skin temperature and 
the frequency and quality of the pulse were used to estimate the severity of fever 
and were regarded as crucial signs in acute diseases.3,62"6'' In 'De Medicina''(Liber III, 
caput 6), Cornelius Celsus (25 B.C. — 50 A.D.) emphasized that elevation of body 
temperature as well as increase of pulse rate are not exclusively caused by fever, but 
can also be induced by other conditions, including heat stress, exercise, anxiety and 
other emotional states. Galen of Pergamon introduced the concept of degrees of 
cold and heat, four in number each way from a neutral point in the middle; the 
latter was determined by a mixture of equal amounts of ice and boiling water.3,65 
The first recorded attempts to quantify thermal changes and associated expansion 
properties of air are attributed to Philon of Byzantium (in the second or first century 
B.C.) and to Heron of Alexandria (probably in the first century B.C.). The 
thermometer was most likely first invented between 1592 and 1597 A.D. by Galileo 
Galilei (1564-1642 A.D.). This air thermometer, called a thermoscope, could 
demonstrate changes or differences in heat, but lacked a temperature scale. At the 
beginning of the seventeenth century, various devices to measure temperature were 
developed by other physicists, including Robert Fludd in London and perhaps 
Cornelius Drebbel in Holland.3,6,65"67 
The thermoscope was first used clinically in 1612 A.D. by Sanctorio Sanctorius 
of Padua (1561-1636 A.D.). He introduced a scale with degrees of temperature 
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based on two extreme points, i.e., obtained by measurement of snow and the flame 
of a candle. Sanctorius recognised that human body temperature, recorded in the 
hand or oral cavity, could be used as an aid to diagnosis. In 1631 A.D., the French 
physician Jean Rey designed the first liquid expansion (water) thermometer. The 
errors caused by changes in barometric pressure were eliminated by the devel-
opment of the closed liquid-in-glass thermometer (using alcohol) by the Grand 
Duke Ferdinand II of Tuscany, probably in 1654 A.D..3·6'65"67 
The idea of a scale of temperature was familiar to physicians before they had any 
instrument to measure it with, as illustrated by the medical scale of temperature 
described in 'De logistica medica' by Johannis Hasler of Berne in 1578 A.D..65 In 1702 
A.D., the first thermometer scale was developed by the Danish astronomer Ole 
Romer (1644-1710 A.D.), who also defined the velocity of light. In the eighteenth 
century, comparative measurements were made possible by the introduction of three 
widely known thermometer scales, based on the freezing and boiling points of water 
as reference indices, as proposed by Christiaan Huygens (1629-1695 A.D.) in 1665 
A.D. In 1713 A.D., Gabriel Daniel Fahrenheit (1686-1736 A.D.) manufactured the 
first mercury-in-glass thermometer. In 1724 A.D., Fahrenheit based the calibration 
of his thermometers on the freezing point of a mixture of ice, water and salt at 0°F, 
the freezing point of a mixture of ice and water at 32° F and the boiling point of 
water at 212°F. He determined the oral temperature of a healthy man at 96°F. In 
1730 A.D., René de Reaumur (1683-1757 A.D.) and, in 1742 A.D., Anders 
Celsius (1701-1744 A.D.) introduced two other thermometric scales, divided into 
80 and 100 degrees, respectively, based on the freezing point and the boiling point 
of water. Reaumur (using a thermometer with spirit of wine) determined the 
freezing point of water at 0 ° R and the boiling point at 80°R, whereas Celsius 
(using a mercury-in-glass thermometer) determined the corresponding points at 
100° С and 0°C, respectively. Later the Celsius scale was turned upside down by 
Linnaeus and the centigrade scale was established. In 1870 A.D., the thermometer 
was refined for clinical use by Sir Clifford Allbutt.6·51'63·64'66·68 
The usefulness of the thermometer in clinical practice was emphasised by 
Herman Boerhaave (1668-1738 A.D.) in Leiden, the Netherlands, and by his pupils 
Gerard van Swieten (1700-1772 A.D.) and Anthonie de Haen (1704-1776 A.D.) in 
Vienna. De Haen particularly demonstrated the superiority of thermometry over 
palpation in assessing body temperature.64 
In the eighteenth century, clinical thermometry was further developed by 
numerous measurements of temperature in all parts of the body by George Martine 
(1740 A.D.), and in the 1790s by James Currie (1756-1805 A.D.) who established 
the effects of cold and warm water on body temperature in patients with fever and 
other diseases.3 In 1835 A.D., Antoine Becquerel and Gilbert Breschet published the 
results of elaborate measurements in humans, leading to determination of a mean 
normal body temperature as 37.0°C (98.6°F). John Davy performed a similar study 
in subjects of different races in various countries, and concluded that there was a 
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range of normal body temperature, i.e. 36.4 to 37.5 °C.6 4 
Notwithstanding numerous scientific experiments, the value of recording body 
temperature for clinical practice remained under debate until clinical thermometry 
was further established and put on a scientific basis in particular by Carl Reinhold 
August Wunderlich (1815-1877 A.D.). In 1868 A D . , he published 'Das Verhalten 
der Eigenwarme in Krankheiten', an influential publication about the significance of 
body temperature in health and disease.62 Wunderlich concluded that the range of 
normal body temperature, primarily recorded in the axilla for 15 to 20 min, was 
36.6 to 37.4°C, with a mean temperature of 37.0°C in healthy people. Wunderlich 
regarded 38.0° С as the upper limit of the normal body temperature, and any 
temperature exceeding this value as fever. He considered an axillary temperature 
below 33 5°C as lethal, and temperatures between 33 5 and 35°C as very threate­
ning to life. He also described diurnal variation in body temperature, and showed 
that women have a shghdy higher body temperature and thermal variability as 
compared with men.6 2 6 7 Important, the overwhelming amount of data of Wunder­
lich are primarily based on measurements of the axillary temperature, which is 
generally lower than oral or rectal temperature Hence, Wunderhch's findings might 
have been affected by a different calibration technique, limited reliability of his 
thermometers or particular ambient conditions. Actually, the concept of 37.0°C as 
being the normal body temperature should be abandoned, since core temperature 
depends on many variables, including site of measurement, reliability of the record­
ing instrument, diumal variation m core temperature, physical exercise, environ­
mental conditions and behavioral thermoregulation.67 
In his 'Handbuch der Pathologie und Therapie des Fiebers', Liebermeister (1833-1901 
A.D.) emphasized the importance of assessing the reliability of the thermometer 
before clinical use. He advocated rectal temperature as most reliable for the assess­
ment of core temperature and thoroughly discussed the problems involved in the 
measurement of axillary temperature.6 
Nowadays, the thermometer is one of the most simple, useful, and used tools in 
medicine, and many people tend to have an implicit faith in it However, to what 
extent does clinical thermometry provide adequate information about 'body tem­
perature', or more precisely 'core temperature'? 
In clinical thermometry, it is important to realize the clinical and technical 
limitations of the applied type of thermometer, site of recording and the various 
factors that affect the level of core temperature The fint requirement to be met is 
that the thermometer indicates the temperature correcdy Unfortunately, the 
standard clinical mercury-in-glass thermometer does not register below 34 5 °C, 
therefore, a low-reading thermometer should be used, particularly in emergency 
settings It is important that adequate time should be taken for the temperature 
recording and mercury-in-glass thermometers should be shaken down far enough to 
be able to point to the appropriate level 
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The site of measurement of body temperature is of critical importance. The 
purpose of the recording is to know core temperature. In establishing core tempera-
ture, it is important that within the body differences in temperature exist between 
skin and core of the body as well as between various deeper organs. The most repre-
sentative core temperature would be the hypothalamic temperature or the tempera-
ture of mixed venous blood, which reflects the general thermal status of the body.69 
Probably the best approximation to central blood temperature is the oesophageal 
temperature at the level of the heart. This site can be used well in anaesthetized or 
comatose patients, but for practical reasons it is not feasible in most circumstances. 
The second best temperature is the rectal temperature, which is usually a few 
tenths of a degree higher than central blood temperature. Since this temperature 
varies with the position in the rectum, the depth of insertion should be standardi-
zed.70 Rectal temperature lags behind central blood temperature during rapid 
changes in core temperature, like during shivering and physical exercise.71 The 
(relative) contraindications for recording rectal temperature include immuno-
compromised state, haemostatic disorders, severe haemorrhoids, local infections, 
recent anorectal surgery and increased risk of local damage to the patient or breaking 
the thermometer. 
The oral cavity is currendy the most frequendy used site for measurement of core 
temperature. However, oral temperature may provide a poor reflection of blood 
temperature since it depends on adequate technique of recording, recent intake of 
warm or hot food or fluids, mentation, local inflammation or infection, breathing 
pattern, and to a lesser extent on ambient temperature.6,1·69·72 Oral temperature is 
usually 0.3 to 0.6°C below rectal temperature.37 
Other body sites, for example the axilla and the external auditory meatus, have 
been advocated for measuring core temperature, based either on the patient's 
comfort or on (relative) contraindications for measurements at other sites. Since skin 
temperature largely depends on vasomotion, sweating and ambient temperature, the 
temperature at these sites often is a poor reflection of the actual core temperature.69 
Particular attention in recording axillary temperature should be given to the adequa-
te positioning of the device and appropriate period of recording after good closure 
of the axillary cavity.6,73 In general, surface measurements of 'body temperature' can 
be affected markedly by ambient conditions, local blood flow and sweating, and 
various other variables. In patients with hypothermia and heat exhaustion or heat 
stroke, specific thermometers with a wider temperature scale are required for 
appropriate assessment of core temperature; in these thermal conditions axillary and 
oral temperature recording should not be used. 
Based on its proximity to the hypothalamus, recording of the tympanic mem-
brane temperature can be used to estimate the central core temperature. However, 
in clinical practice adequate insulation is very difficult to achieve, and perforation of 
the membrane is a potential complication.64 Due to recent technological advances, 
recording of tympanic membrane temperature by means of an infra-red thermome-
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ter has become an attractive alternative in several aspects, particularly in acute 
changes of core temperature or if standard recording techniques are not feasible. 
However, infra-red thermography of the tympanic membrane can be affected by 
inadequate recording technique, anatomic abnormalities of the external auditory 
meatus, cerumen, and marked deviations of ambient temperature. In case of clinical 
doubt, the observed temperature values have to be verified by comparison with a 
standard temperature recording technique. More specialised techniques for measur-
ing core and surface temperatures, including the radio-pill, have been discussed by 
Clark and Edholm but are often not feasible in clinical practice.51 
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1.3 EXPOSURE TO THERMAL STRESS 
1.3.1. Cold exposure 
Cold stress induces vasoconstriction of skin blood vessels, and shifting of the 
blood from the subcutaneous venous plexus to the deep venae comitantes by 
increased vasoconstriction of cutaneous arterioles, and particularly of arteriovenous 
anastomoses. The reflex sympathetic responses to cold depend on both core and skin 
temperature, and are mainly mediated by the sympathetic reflex arch but also by a 
direct effect on skin blood vessels. A counter-current exchange of heat between 
arteries and veins in the limbs further decreases heat loss. Vasoconstriction is very 
effective to reduce heat loss by increasing the depth of shell insulation and reducing 
the temperature gradient between skin and environment.74 In contrast to the 
extremities, the head has minimal vasoconstrictive capacity and may be a major 
source of heat transfer; the rate of heat loss from the head increases in a linear 
manner between + 32°C and - 20°C.71 When skin temperature falls below 10°C, 
peripheral vasoconstriction fails and alternating vasoconstriction and vasodilatation 
occurs; this is called the Lewis hunting reaction and depends on both the direct 
effect of temperature on blood vessels and the general thermoregulatory state of the 
body.23'48,73 The mean arterial blood pressure rises during cooling, whereas cardiac 
output and stroke volume remain unaffected.76 The increased circulating volume 
during cold stress due to shunting of blood from peripheral veins into deep capaci-
tance vessels, is counteracted by cold diuresis, mediated by hormonal changes and 
depressed oxidative renal tubular activity.70,71'77,78 Furthermore, during cold exposure 
fluid shifts from the intravascular volume into the intracellular and extracellular 
space.50,74 
The cold-induced increase in metabolic rate, achieved by shivering and non-
shivering thermogenesis, is of major importance to maintain a steady core tempera-
ture. Shivering can double or triple the human resting metabolic rate, and is the 
most effective physiological protection against cold.4 The primary motor center for 
shivering is located in the dorsomedial portion of the posterior hypothalamus.79 
Shivering starts when the muscular tone exceeds a critical level, and is markedly 
facilitated by catecholamines.80 Shivering starts in the neck muscles, and then spreads 
to abdominal and pectoral muscles, and finally to the extremities.81 The shivering 
threshold depends on both core and skin temperature. In certain species, this 
threshold can be gready modified by cold adaptation, including non-shivering 
thermogenesis.47,82^4 
Endocrine responses contribute significantly to the increased metabolic rate 
during cold stress. The sympathetic nervous system is the primary regulator of 
adaptive alterations in chemical thermogenesis, with norepinephrine as principal 
mediator; furthermore, the adrenocortical system contributes to cold 
adaptation.10,43,80'83"89 Thyroid hormone metabolism plays a major role in the resting 
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metabolic rate, and may also contribute to the metabolic response to cold, with 
regard to both short-term and long-term adaptation.80'90"93 
Piloerection during cold stress is not important in human thermoregulation, but 
in hirsute animals, the increased air insulative layer contributes greatly to a better 
cold defense. 
As discussed above, one of the most important mechanisms for withstanding cold 
stress and preventing a decline in core temperature is behavioral thermoregulation, 
including modulation of ambient conditions and clothing, physical activity, and 
intake of warm food and drinks. Cold tolerance is attenuated by multiple factors, 
including reduced subcutaneous fat content, slight muscularity, exhaustion, 
undernutrition, lack of acclimatization, extremes of age, several drugs, alcohol, and 
particularly impaired behavioral thermoregulation.38,60,94,95 This point will be elabor-
ated upon in section 1.4. 
i.3.2. Heat exposure 
Elevation of core temperature during heat exposure is counteracted by cutaneous 
vasodilatation, thermal sweating and decrease in metabolic rate. The contribution of 
the cutaneous circulation to heat transfer to the environment is based on the 
increase in skin blood flow from approximately 0.2 — 0.5 litre/min in normothermia 
to values exceeding 7 — 8 litre/min in hyperthermia.96 Since total blood volume 
does not change and even may decrease because of the removal of salt and water 
from the body by sweating, adequacy of the circulation should be insured by various 
systemic cardiovascular adjustments, including an increase in heart rate, cardiac 
output, and stroke volume and a decrease in splanchnic blood flow, renal blood 
flow, muscle blood flow, and mean arterial pressure.96,97 While active skin 
vasodilatation is known to be closely linked to sudomotor activity and functioning 
sympathetic nerves, the nature of this linkage remains to be elucidated.45 Both 
vasodilator and sudomotor activity depend largely on core temperature, and to a 
lesser extent on skin temperature.20,45"47,49,98"100 
The importance of adequate sweating to health was already emphasized in the 
oldest know medical document, the Ayurveda (written in Sanskrit, 568 B.C.), that 
prescribed fourteen methods to induce sweating; the beneficial effects of the sweat 
bath have been acknowledged by numerous cultures throughout history.101 The 
evaporative heat loss capacity in man depends on the secretory capacity of the 
eccrine sweat glands and on environmental conditions (i.e., ambient temperature, 
wind velocity, and relative humidity). When ambient temperature exceeds skin 
temperature, the heat dissipating capacity depends entirely on evaporative heat loss, 
and peripheral vasodilatation has an adverse effect on maintenance of a steady core 
temperature. 
Humans have a great ability to limit the strain of heat load by means of 
behavioral thermoregulation. The major protective measures include modulation of 
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ambient temperature, humidity, and clothing, increasing air velocity, and reducing 
physical activity. In both cold and heat stress, adequate recognition of environmental 
conditions and appropriate behavioral thermoregulation are pivotal for maintenance 
of a constant core temperature. 
The numerous factors that compromise the capacity to withstand heat stress, and 
the various conditions that predispose to heat illness will be discussed in section 1.5. 
The subjects of acclimation and acclimatization are beyond the scope of this review. 
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DISORDERS OF THERMOREGULATION 
1.4 HYPOTHERMIA 
Now king David was old and stricken in years; 
and they covered htm with clothes, but he gat 
no heat. 
Wherefore his servants said unto htm, 
Let there be sought for my lord the king a young 
virgin: and let her stand before the king, and 
let her cherish him, and let her he in thy bosom, 
that my lord the king may get heat. 
- I. Kings 1: 1-2 
Hypothermia, defined as a decline in core temperature below 35 °C, is a com-
mon medical disorder with a complex pathophysiology and potentially life-threaten-
ing complications. 
In Antiquity, medical awareness of the effects of cold was limited. However, the 
dangers of hypothermia were recognized by Herodotus (484-420 B.C.): When a 
Persian fleet under Danus' general Mardomus was wrecked by a strong northerly 
gale and 20,000 men died, Herodotus states that some men 'were seized and 
devoured by sea monsters while others were dashed violendy against the rocks; 
some who did not know how to swim were engulfed and some died of the cold'.71 
During his campaign into India, Alexander the Great presumably lost consciousness 
due to cold exposure.102 
In the nineteenth century, hypothermia was recognized as a very intriguing area 
of research and was studied extensively.39 In 1797 A.D , James Curne, a Scottish 
surgeon, astounded the Royal College of Surgeons in London with his report on 
using cold to lower body temperature; this is considered as the first truly scientific 
document on hypothermia.103 Baron Larrey, physician to Napoleon, was well aware 
of the devastating effects of hypothermia on mental and physical effectiveness, and 
noticed that exhausted soldiers died quite easily from cold exposure 39,02 Accidental 
(unintentional) hypothermia has played a major role in the outcome of many 
military campaigns as well as mountain and arctic expeditions throughout history 102 
Induced hypothermia has been used as a therapeutic modality in a variety of disor-
ders, including hyperthyroidism, delirium tremens, poisoning, cancer, febrile 
diseases, gastrointestinal haemorrhage, as well as for surgical purposes.104"107 The 
rationale for the therapeutic applications of hypothermia was the demonstrated 
reduction in both metabolic rate and endocrine function.50 
Nowadays, the use of hypothermia is primarily restricted to cardiovascular 
surgery and neurosurgery, and much of our knowledge of the (patho)physiology of 
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T A B L E I. E T I O L O G Y O F H Y P O T H E R M I A 
Controlled (induced) 
1. Deep hypothermia for surgery 
2. Treatment of hypermetabolic 
states 
Accidental 
E. Drug-induced 
1. Narcotics and anaesthetics 
2. Alcohol; vasodilators 
3. Barbiturates 
4. Phenothiazines, other 
neuroleptics 
1. Environmental exposure 
2. Cold water immersion 
C. Metabolic 
1. Hypothyroidism (myxoedema) 
2. Hypopituitarism 
3. Adrenal insufficiency 
4. Hypoglycacmia 
5. Diabetic ketoacidosis 
6. Protein-calorie malnutrition 
7. Anorexia nervosa 
8. Uraemia 
D. Hypothalamic and CNS dysfunction 
1. Cerebrovascular accident 
2. Head trauma; brain tumour 
3. Wernicke's encephalopathy 
4. Shapiro's syndrome; 
hypcrhidrosis 
5. Spontaneous periodic 
hypothermia 
6. Autonomic failure 
7. Spinal cord transection 
8. Multiple sclerosis, sarcoidosis 
9. (Diencephalic) epilepsy 
10. Toxins 
11. Degenerative diseases 
F. Dermal dysfunction 
1. Erythrodermia 
2. Severe bums 
G. Inadequate behavioral 
thermoregulation 
H. Immobility 
I. Extremes of age 
J. Decreased mentation 
K. Cardiovascular disorders 
1. Heart failure 
2. Myocardial infarction 
3. Shock 
4. Severe haemorrhage 
5. Peripheral vascular disorders 
L. Sepsis 
M. Miscellaneous causes 
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lowered core temperature in man has been derived from induced hypothermia 
during surgery.50 However, since the thermoregulatory mechanisms are seriously 
affected by the use of anaesthesia during surgery, the results of studies during 
induced hypothermia cannot be extrapolated without restrictions to unintentional or 
accidental hypothermia.102 
In considering hypothermia in man, distinction should be made between 
induced hypothermia, accidental hypothermia, and other forms of hypothermia. 
The current knowledge of the pathophysiology, clinical setting, and management 
of hypothermia is largely derived from studies of induced and accidental 
hypothermia by obvious cold stress, and is summarized below; more detailed 
information is provided in several outstanding reviews ,39.50·51·71·74'102·108-122 
Nevertheless, today litde is known about the pathophysiology and management of 
other types of unintentional hypothermia; this applies particularly to intermittent 
and chronic hypothermia. 
1.4.1. Etiology of hypothermia 
The risk factors for hypothermia are summarized in Table I; some of the men-
tioned conditions should primarily be considered as predisposing conditions to 
(accidental) hypothermia, and multiple factors are often involved. 
Induced hypothermia is the deliberate reduction in core temperature to levels 
below 35°C, primarily for surgical purposes. Accidental hypothermia may be 
defined as an unintentional decrease in core temperature, usually in a cold environ-
ment, without primary intrinsic dysfunction of the thermoregulatory centers.50 
Accidental hypothermia, the most common type of hypothermia, is most 
frequendy observed in neonates, the elderly, the homeless, in unconscious, 
immobile, or drugged (in particular by alcohol) subjects, and following exhaustion 
in a cold environment.50 Accidental hypothermia usually occurs during prolonged 
cold air or immersion exposure in most parts of the world, including the tropics.74 
Very often inadequate behavioral thermoregulation plays a major contributing role; 
impaired thermal insulation by (wet) clothing and decreased cold sensation in 
particular predispose to accidental hypothermia.51110 
In Britain, 3.6% of elderly patients admitted to the hospital are hypothermic; 
sometimes inadequate heating in the housing units is a contributing factor.123 
However, most cases of urban hypothermia in Britain are primarily caused by 
underlying predisposing factors (including alcohol) and disorders rather than to 
simple exposure.12,1 The elderly are particularly at risk for accidental hypothermia 
because the thermoregulatory capacity is impaired in old age, due to decreased heat 
production and metabolism reactivity, inadequate vasomotor responses, impaired 
cold sensation, immobility, malnutrition, loss of subcutaneous fat, and impaired 
behavioral thermoregulation. Furthermore, thermoregulatory function may be 
compromised by underlying physical or mental disorders, and the use of various 
drugs, including alcohol.120·125-131 
The (premature) neonates are also prone to hypothermia; maintenance of a 
constant core temperature is compromised by the large surface-to-body mass ratio, 
relative deficiency of subcutaneous fat, and incomplete thermoregulatory responses, 
including shivering.132133 
In northern regions, alcoholism is a major contributing factor in accidental 
hypothermia.111'134135 The deleterious effects of alcohol during cold stress are 
attributed to peripheral vasodilatation, depression of central nervous system 
responses, e.g. thermal anaesthesia, impaired shivering, decreased behavioral 
thermoregulation, increased risk of trauma and cold exposure, and hypogly-
caemia.50,136 Mortality rates in accidental hypothermia range from 30 to 80%, but are 
presumably more closely associated with underlying diseases than with the 
magnitude of temperature depression.74,134'137"139 
A less frequent but very important cause of hypothermia is lesions of the central 
nervous system.135,140"161 Hypothalamic lesions can result in sustained hypothermia 
either through destruction of thermoregulatory centers in the preoptic region, or re-
setting of the temperature set-point downwards.162 Frequently the thermoregulatory 
disorder is accompanied by endocrine changes or by nonendocrine manifestations of 
hypothalamic lesions, i.e. disorders of consciousness and sleep, cognition, emotional 
behaviour, autonomic balance, caloric balance, and osmolality.162 
Various endocrine disorders, particularly hypothyroidism and hypoglycaemia, 
predispose to hypothermia, often without obvious cold exposure.1"163"170 
Hypothermia in hypothyroidism is primarily caused by reduced heat production; 
hypothermia associated with myxoedema has a very high mortality, which is closely 
related to the degree of hypothermia.^163 The cause of hypothermia in hypoglycae-
mia remains under debate, but is partly due to inhibition of shivering. 
Drug-induced hypothermia can be attributed to interference with the central 
and/or peripheral thermoregulatory drive;38,60,171 the most important drugs that 
predispose to decreased thermostability are listed above (Table I). 
Hypothermia can occur in various acute diseases, including congestive heart 
failure, myocardial infarction, uraemia, diabetes mellitus (both hypoglycaemic and 
hyperglycaemic acidotic conditions), drug overdose, gastrointestinal bleeding, acute 
respiratory failure, and serious infections. This acute failure of thermoregulation 
without previous cold exposure, most often in elderly patients, is frequently 
associated with cardiac arrhythmias and metabolic acidosis, and usually responds well 
to adequate treatment.37,138 Other conditions that can result in hypothermia include 
Hodgkin's disease, systemic lupus erythematosus, Reye's syndrome, and severe 
electrical shock.119 
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1.4.2. Pathophysiology of hypothermia 
The complex pathophysiological alterations in hypothermia have been reported 
repeatedly; however, it must be emphasized that the knowledge of the pathophysi­
ology of hypothermia is almost entirely based on studies in induced or accidental 
hypothermia, caused by obvious cold stress. The severity of signs and symptoms 
depends to a major extent on the level of hypothermia; however, marked individual 
variability exists in the signs and symptoms of the various stages of (accidental) 
hypothermia.113 Usually, hypothermia is divided into mild hypothermia (35 -
32°C), moderate hypothermia (32 - 28°C), and severe hypothermia (below 28°C). 
In general, hypothermia causes a global slowing of organ function. Hypothermia 
significandy reduces tissue metabolism and oxygen consumption; the basal metabolic 
rate is reduced by approximately 50% at 28°C.3 9 The initial increase in endogenous 
heat production caused by shivering reaches its maximum at 35°C core 
temperature; thereafter, shivering is replaced by increased rigidity at approximately 
30 °C.71 In general, below 35° С the compensatory coordinated mechanisms of 
thermoregulation progressively begin to fail.120 Since most or all regulatory enzymes 
only perform optimally over a narrow range of temperatures, hypothermia 
progressively reduces endogenous heat production and metabolic processes.172 
The cardiovascular effects of hypothermia include progressive decrease of 
cardiac output and heart rate;173 the blood pressure rises initially, then gradually 
decreases causing difficulties in maintaining blood pressure.50,71 The most important 
effect of hypothermia is on myocardial irritability and conduction. The high 
mortality rate in severe hypothermia is particularly associated with cardiac 
arrhythmias, and below 28° С susceptibility to ventricular fibrillation becomes a 
major hazard.71,105 A contributing risk factor in this respect is the hypokalemia that is 
often observed during hypothermia; hypokalemia is particularly likely to develop 
during rewarming. The electrocardiographic effects of hypothermia include 
progressively decreasing sinus rate, interval prolongation, Τ wave inversions, J 
(Osbom) waves, and atrial fibrillation.174 
Depression of central respiratory drive and cough reflex, and cold-induced 
bronchorrhea predispose to aspiration and make bronchopneumonia a common 
finding in accidental hypothermia if looked for carefully.50,114,131 Hypothermia shifts 
the oxyhemoglobin dissociation curve to the left (which increases oxygen affinity). 
Due to the concomitant decrease in oxygen requirements (approximately 7% for 
each 1°C fall in temperature) this is not clinically significant, but when measuring 
arterial blood gases one should take into account the effects of hypothermia. The 
hypothermia-induced metabolic acidosis is caused by lactate generation, decreased 
tissue perfusion, and impairment of hepatic metabolism and acid excretion, and is 
frequently aggravated during rewarming. Other metabolic effects of hypothermia 
may include hyponatriemia, hypophosphatemia, and elevations in uric acid, serum 
creatine kinase, and liver enzymes associated with cellular damage.50,114 
Hypothermia induces haematological changes, including elevation of the 
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haematocrit, rise in blood viscosity, fall in leucocyte and platelet counts, and slowing 
of the coagulation cascade.50102114 Perioperative hypothermia may delay surgical-
wound healing and predisposes patients to wound infection by causing 
vasoconstriction and impairment of immune functions.173 
Hypothermia predisposes to hypovolemia due to cold diuresis (likely mediated 
by peripheral vasoconstriction and by an impaired renal tubular response to 
antidiuretic hormone) and fluid shifts (with tissue oedema and potentially pulmonary 
oedema); both renal blood flow and glomerular filtration rate are reduced in 
hypothermia.50109'110 Oliguria is often observed in more severe hypothermia, likely 
due to ischaemia and acute tubular necrosis or to a direct effect of cold on the 
kidneys.131 
Intestinal motility is attenuated during hypothermia, and ileus is frequently 
observed.50 Depressed hepatic metabolism impairs the capacity of the liver for 
detoxification and conjugation, thereby affecting the activity and toxicity of many 
drugs.50114'131,176 Acute pancreatitis has been reported frequendy in human 
hypothermia.108,110 Endocrine and exocrine pancreatic functions are diminished in 
hypothermia; both decreased insulin secretion and impaired peripheral use of 
glucose are observed, causing hyperglycaemia.114177 Since the effect of insulin is 
progressively impaired during hypothermia, attempts to correct hypothermia-
induced hyperglycaemia by insulin administration are ineffective but may result in 
marked hypoglycaemia after rewarming.50,114 Decreased adrenal responsiveness to 
ACTH stimulation during hypothermia, which is normalized after rewarming, 
provides further evidence for decreased endocrine function in hypothermia.178 
The cerebral function progressively deteriorates with decreasing core temperatu-
re, along with a fall in cerebral blood flow by 6 to 7% per 1 °C and a reduction in 
cerebral metabolism by approximately the same amount. Even mild hypothermia 
can induce decreased mentation. The most common neurological manifestations of 
(accidental) hypothermia include confusion, disorientation, retrograde amnesia, poor 
judgement, inattentiveness, decreased responsiveness, lethargy, clumsiness and poor 
coordination, dysarthria, stumbling gait, tremor, increased muscular rigidity, 
hallucinations, paradoxal undressing, introversion, and progressive clouding of 
consciousness and generalized impairment of higher cerebral 
functions.50,71,102·114·120,131135 Furthermore, hypothermia progressively decreases 
pupiUary reflexes and peripheral nerve conduction velocity, with a slow contraction 
and prolonged relaxation time of deep tendon reflexes and eventually abolished 
reflex responses. Coma occurs below approximately 27 °C; electroencephalographic 
activity is gradually reduced, and is flat below 20 °C. These neurological changes, in 
combination with an impalpable pulse, immeasurable blood pressure, very shallow 
respiration, ice-cold skin, and increased muscular tone during deep hypothermia, 
may cause the patient to appear dead.30,74 Nevertheless, patients have been revived 
successfully from core temperatures as low as 15.2°C; in hypothermia the dictum is 
therefore 'no one is dead until warm and dead'.50121'179 Repeatedly, hypothermic 
patients have been diagnosed on their way to or at the morgue.180 
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1.4.3 Diagnosis and management of hypothermia 
Hypothermia is frequently misdiagnosed and is under-represented in health 
statistics.181 The principal factors that make this diagnosis difficult include limited 
awareness, use of inadequate thermometers, and a difficult differential diagnosis.30 
Furthermore, the diagnosis of underlying diseases is often difficult because 
hypothermia may mask the clinical features of other disorders.110 
The most important signs and symptoms of hypothermia have been summarized 
above. Clinical suspicion of hypothermia should increase in the case of impaired 
mentation, change in personality, coma, alcohol or drug abuse, cold stress, and 
hypotension.3071 
Hypothermia is a medical emergency needing prompt diagnosis and treatment, 
because this condition exerts a host of effects on multiple body systems and has a 
high mortality rate.181 The prognosis of accidental hypothermia depends largely on 
recognition of its pathophysiology, adequate rewarming and monitoring, and 
treatment of underlying medical disorders. Therefore a meticulous search for 
predisposing illnesses should be made once hypothermia has been diagnosed.139 
Unfortunately, hypothermia is often expected only after severe cold stress, however, 
the only prerequisite for the occurrence of hypothermia is that the individual 
thermoregulatory capacity is exceeded by heat loss to the environment. 
In the evaluation of the hypothermic patient, the usual entena for reversibility 
are not valid in determining the prognosis. Life may be sustained for long penods 
after cardiac arrest and with a core temperature as low as 9°C (in induced 
hypothermia) owing to decreased oxygen requirements. Furthermore, the nature 
and extent of complicating disorders can be established only after rewarming of the 
patient.50120·1211»2 
Treatment of the hypothermic patient pnmanly consists of general supportive 
measures, specific rewarming techniques, and adequate treatment of associated 
diseases. For detailed guidelines for management and treatment the reader is referred 
to the luerature.375071102112114-116118120121131139·183185 Importantly, the guidelines for 
the management of hypothermia are based largely on studies of accidental 
hypothermia caused by obvious cold stress These guidelines can only partially be 
extrapolated to management of other types of hypothermia. 
The first aim regarding the topic of hypothermia is its prevention Hypothermia 
can be prevented in many cases (particularly in accidental hypothermia) by adequate 
thermoregulatory behaviour and treatment of predisposing disorders. The initial 
objective in the treatment of hypothermia is to stop further heat loss and assess the 
vital signs. Manipulation of the patient should be kept to a minimum to prevent 
ventncular fibnllation, until core temperature has reached a safe level. Hypothermia-
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induced cardiac arrhythmias are often refractory to therapy, and even when there is 
no sign of life in a victim of hypothermic cardiac arrest, cardiopulmonary 
resuscitation should be instituted and continued until core temperature is elevated 
above 35 °C.50'121'186 To prevent complications after rewarming, administration of 
drugs and correction of metabolic acidosis and hyperglycaemia should only be 
carried out very cautiously during severe hypothermia. Fluid replacement and 
continuous ECG monitoring are essential; the fluid should be warmed at 37 — 
43 °C. Adequate oxygenation is required, preferably with warmed oxygen.74 
Laboratory screening should include plasma glucose, renal function parameters, 
amylase, electrolytes, platelet counts, prothrombin time, fibrinogen levels, and 
assessment of acid-base equilibrium.50 
In the management of accidental hypothermia, rewarming strategies and their 
impact on mortality remain under debate. The three categories of rewarming 
techniques are: 
1) Passive rewarming (removal from cold, insulation); 
2) Active external rewarming (warm water immersion, electric blanket, heated 
objects); and 
3) Active core rewarming (peritoneal or haemodialysis, extracorporeal blood 
rewarming, airway warming, gastrointestinal irrigation, thermoinfusion, etc.). 
The choice of method to be used should take into account clinical experience, 
availability of equipment and time required to mobilize it, type of hypothermia, 
duration and degree of hypothermia, underlying conditions, and specific 
contraindications to the rewarming procedure.50,1 и · 1 2 0 · 1 2 1 In general, external 
rewarming can be applied at core temperatures above 32CC, whereas active core 
rewarming should be instituted below 32 °C. Due to their simplicity, airway 
warming and thermoinfusion can also be used in combination with external 
rewarming. Active core rewarming might prevent the occurrence of afterdrop, and 
possibly reduce cardiovascular complications.э0113 Peritoneal dialysis, possibly sup­
plemented by warm water enemas, has been shown to be a safe, effective, and 
readily available method of rewarming in severe hypothermia.183 The most effect­
ive method of active core rewarming is to use an extracorporeal shunt for 
arteriovenous or venovenous haemodialysis, or a cardiopulmonary bypass in 
circulatory failure.114·116·120·'21·131'183 Close monitoring and observation, preferably in 
an intensive care unit, as well as meticulous attention to possible underlying diseases 
remain pivotal for every individual with hypothermia. 
A frequently encountered problem in the treatment of survivors of a shipwreck 
is the post-rescue collapse and death; the cause of death after rescue from cold water 
immersion has been attributed to various factors, including afterdrop of core 
temperature, ventricular fibrillation, and shifts in intravascular fluids.70·71110 The 
occurrence of afterdrop, i.e. the continued fall of core temperature during 
rewarming after severe cold stress, was reported in 1798 and discussed in detail by 
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Liebermeister in 1875.6103 The importance of this phenomenon is illustrated by the 
fact that many reports evaluate the effectiveness of the treatment of hypothermia 
from the amount of afterdrop that occurs.187 The mechanism of afterdrop has been 
remained controversial for many years. Formerly the occurrence of afterdrop has 
been attributed to peripheral vasodilatation, but more recent studies have 
demonstrated that this phenomenon is primarily caused by conductive removal of 
heat from the body core to the colder shell according to the laws of thermal 
equilibration; the degree of afterdrop depends on the rate of endogenous heat 
production.187-191 
Hibernation, a phenomenon that has mostly been studied in certain species of 
rodents, is a centrally regulated natural form of hypothermia; this interesting topic is 
beyond the scope of this review. The same applies to the subjects of surgical 
hypothermia and local cold injuries. 
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1.5 HYPERTHERMIA 
Severe heat-related illnesses have been recognized throughout history. Heat-
related deaths are reported in the Old Testament, after working in the fields on a 
hot day (II. Kings 4: 18-20) and during harvest (Apogrypha, Judith, VIII). The 
death of Pheidippides after bringing the news of the Athenian victory over the 
Persians at Marathon in 490 B.C. was most likely caused by exercise-induced heat 
stroke. King Edward and his metal harnessed crusaders presumably lost their final 
battle against the well-adapted Arab horsemen in the desert of the Holy Land 
because of heat and fever.192 Nowadays, heat-related problems and diseases continue 
to have an important impact in certain regions. Prolonged arduous exercise 
(especially on hot summer days in a humid environment) or military campaigns in 
such areas, e.g. the Persian Gulf War in 1990-1991, can take a heavy toll. Heat 
stroke has repeatedly claimed numerous lives, for example during the heat wave in 
Peking in 1743 (estimated 11,000 deaths), and more recently the 1959-1960 Mecca 
pilgrimage (800 deaths).113,193 In the United States, over 1000 deaths per year are 
attributed to the effects of heat-related illnesses, particularly in elderly people during 
heat waves. 
Hyperthermia is the condition of a temperature regulating animal (including 
man) in which core temperature is more than one standard deviation elevated above 
the mean core temperature of the species under resting conditions in a 
thermoneutral environment.18 In humans, elevation of oral temperature above 
37.8 °C and rectal temperature above 38.4°C is arbitrarily considered as 
hyperthermia or fever.194 
1.5.1. Etiology of hyperthermia 
Hyperthermia is generally divided into four categories: fever, exertion-induced 
hyperthermia, hyperthermia due to inadequate means of heat dissipation, and 
hyperthermia resulting from pathological or pharmacological deteriorations of 
thermoregulatory mechanisms.69195196 The most important factors that predispose to 
hyperthermia are summarized in Table II (data adapted from the 
literature).37·59·119130·61·69·97117·162·193·195-217 In particular, cases of hyperthermia due to 
hypothalamic lesions have been reported repeatedly in man.142162·2'8"227 
1.5.2. Hyperthermia and fever 
Any elevation in core temperature above the normal diurnal variation has 
repeatedly been considered as fever, and the terms fever and hyperthermia are often 
used interchangeably in the literature. However, there is a fundamental physiological 
difference between fever and other types of hyperthermia.17,,,to Fever is a regulated 
upward shift of the preoptic set-point for core temperature in response to circulating 
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exogenous or endogenous pyrogens, and core temperature is actively defended at 
the febrile level by intact autonomic and behavioral thermoregulatory 
mechanisms.17·69·119196'208'209,215,228 Most fevers are induced by endogenous pyrogens or 
pyrogenic cytokines, particularly, interleukin-1, interferons, tumour necrosis factor 
and the gp 130 receptor-triggering pyrogenic cytokines.214,215 
In contrast, in hyperthermia there is no resetting of the preoptic set-point nor a 
pyrogenic response, but overwhelming of the thermoregulatory capacity by 
excessive heat production, extreme environmental heat load, or diminished heat 
dissipation.162·196·209·215 
Unlike patients with other types of hyperthermia, the febrile patient consciously 
prefers a high body temperature, and antipyretic drugs can usually normalize core 
temperature in fever.195,215 Hyperthermic but not febrile patients do not show any 
preference for their elevated body temperature. 
Clinically, the differentiation between fever and hyperthermia is often difficult 
to make and depends largely on a meticulous history being taken, but this 
differentiation is pivotal for the management of elevated core temperature. 
Hyperthermia can easily be mistaken for fever and vice versa, particularly in patients 
with poikilothermia or heat stroke, and both conditions can occur 
simultaneously.195,196,209,215,229 Also, the differentiation between fever and 
hyperthermia is difficult to make in the immunocompromised host, in particular in 
patients with malignancies with or without treatment with chemo(immuno)therapy. 
The signs and symptoms of infection may be obscured during neutropenia; since 
many untreated bacterial or fungal infections are rapidly life-threatening during 
neutropenia, any elevation of core temperature should be regarded as infectious 
until proved otherwise.230 
Fever is a common manifestation of many malignancies, including acute 
leukemias, lymphomas (especially Hodgkin's disease), adrenal carcinoma, 
hypernephroma, hepatoma, and metastatic tumour in the liver. Hence, fever may be 
observed in a wide variety of tumours, and is often associated with tumour 
growth.214 
Fever is the most common cause of elevated core temperature. The pathogene-
sis and various subtypes of fever and other causes of hyperthermia have fascinated 
mankind throughout history, and have been described in detail by numerous 
physicians, including Hippocrates, Celsus, Galen, Boerhaave, van Swieten, de Haen, 
Wunderlich, Liebermeister and Welch.3,8,64 Liebermeister is credited with the first 
definition of fever as a regulated elevation of body temperature. He extensively 
discussed the biology of fever and challenged the generally accepted concept of the 
beneficial value of fever.6,7 
T A B L E II. E T I O L O G Y O F H Y P E R T H E R M I A 
A Controlled 
Treatment of malignancy 
B. Accidental 
1. Excessive heat load 
2. Lack of acclimatization 
C. Metabolic 
1. Hyperthyroidism 
2. Thyroid storm 
3. Phaeochromocytoma 
4. Resection of insulinoma 
5. Emotion 
7. Parkinson's disease 
D. Hypothalamic and CNS dysfunction 
1. Cerebrovascular accident 
2. Head injury, surgical trauma 
3. Brain tumour 
4. Degenerative diseases 
5. Hypothalamic infections 
6. Disturbed central brain 
monoamine metabolism 
7. Spinai cord lesions 
8. Previous heat stroke 
E. Malignant hyperthermia 
1. Halothane 
2. Succmylchohne 
3 Others 
F. Neuroleptic malignant syndrome 
G. Fever 
1. Infectious diseases 
2 Inflammatory diseases 
3. Malignancies 
4. Collagen vascular diseases 
5. Hypersensmvity diseases 
6. Granulomatous diseases 
7. Factitious fever 
8. Drug fever 
9. Familial Mediterranean Fever 
10. Hyper-IgD syndrome 
11. Graft-versus-Host Disease 
12. Miscellaneous causes 
H. Cardiovascular disorders 
I. Poor physical fitness 
J. Extremes of age 
K. Drags 
1. Muscular hyperactivity 
amphetamines (XTC) 
MAO inhibitors 
cocaine, LSD, opiates 
neuroleptics 
2. Impaired thermoregulation 
phenothiazines, other 
neuroleptics 
ethanol 
3. Impaired heat dissipation 
anticholinergics 
antihistamines 
tricyclic antidepressants 
phenothiazines 
other neuroleptics 
4. Impaired cardiovascular 
compensation 
diuretics 
beta blockers 
sympatholytic drugs 
L Peripheral disorders 
1. Sweat gland disorders 
ectodermal dysplasia 
Fabry's disease 
exfoliative dermatitis 
scleroderma, miliaria 
systemic diseases (CF) 
inflammatory disorders 
keratotic disorders 
2. Autonomic neuropathy 
diabetes mellitus 
alcohol abuse 
M Acquired idiopathic anhidrosis 
N . Impaired behavioral 
thermoregulation 
O. Salt and water depletion 
prolonged severe sweating 
malnutrition, obesity 
Ρ Strenuous physical exercise 
Q. Vegetative hyperthermia, 
excessive arcadian rhythmicity 
R. Agitated states 
S. Miscellaneous causes. 
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In 1888 A.D., Welch speculated about the possible mechanisms by which microbial 
agents produced fever indirecdy through the release of 'ferments', possibly from 
leucocytes, that acted on centers in the brain to initiate the febrile response.2 More 
recendy, the pathogenesis of fever has been discussed extensively in outstanding 
publications (for reviews see the literature).208,21'1·215'228·231"233 Since a more detailed 
consideration of the hyperthermic entity 'fever' is beyond the scope of the present 
review, reference is made to the specific literature. The same applies to the entities 
of malignant hyperthermia and the neuroleptic malignant syndrome.196,209,234 
1.5.3. Heat illness 
Heat-related disorders (particularly heat stroke) can induce detrimental effects in 
many organs with a potentially considerable тогЫігу.5 9 , 1 9 2 , 1 9 3 , 1 9 7-2 0 0 , 2 0 9 , 2 1 2 , 2 1 7 , 2 3 5·2 3 6 
Nowadays, the question of enhanced susceptibility to heat illness and making the 
prompt diagnosis are increasingly important in view of the increase in recreational 
exercise, sauna exposure, and travelling to tropical climates.233 However, a major 
problem in heat-related disorders of thermoregulation is that the diagnosis is often 
difficult to estabhsh in clinica] settings unless special investigations are performed.197 
Prophylaxis, for example by adequate behavioral thermoregulation, limitation of 
alcohol and other drugs that compromise autonomic or behavioral 
thermoregulation, augmentation of fluid and salt intake, limitation of physical 
exercise, modulation of ambient conditions, and acclimatization, may prevent severe 
heat illness in susceptible persons. Furthermore, analogously to hypothermia, 
adequate treatment of underlying medical diseases that predispose to hyperthermia 
or fever can markedly reduce heat-related morbidity and mortality. 
The major types of heat illness include four categories: heat cramps, heat 
syncope, heat exhaustion, and heat stroke as most serious entities. The symptoma­
tology and management of heat syndromes are discussed in numerous reviews and 
medical
 t e x tbooks.
3 7 , 5 9 , 1 9 2 , 1 9 3 , 1 9 6
-
2 C 0 , 2 0 9 , 2 1 2 , 2 3 7
 Despite marked differences, the various 
entities of heat illnesses may be considered as a series of syndromes along a single 
spectrum.37 
Heat syncope is a common phenomenon, that may occur during heat exposure 
in an unacclimatized subject; heat cramps are painful muscle contractions that occur 
during or after strenuous exercise, mostly at a normal core temperature.37,39'193 
Heat exhaustion (heat prostration) represents failure of cardiovascular responses 
to a high heat load, and is caused by excessive loss of water and/or electrolyte 
depletion, primarily following work at high ambient temperature. Heat exhaustion 
due to water depletion occurs predominandy in the very young, in elderly individu­
als treated with diuretics, and during strenuous exercise without adequate water 
supply. Symptoms include intense thirst, fatigue, weakness, discomfort, anxiety, and 
impaired judgement; later, marked dysfunction of the central nervous system is 
manifested by agitation, hysteria, confusion, hyperventilation, paraesthesias, tetany, 
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and muscular incoordination.59,193 If inadequately treated, this condition may 
terminate in heat stroke, particularly if circulatory failure or a convulsion 
supervene.59-193 Heat exhaustion due to salt depletion occurs when large volumes of 
sweat are replaced by sufficient water but inadequate salt. Symptoms include 
profound weakness, fatigue, severe frontal headache, giddiness, anorexia, nausea, 
vomiting, diarrhoea, and skeletal muscle cramps; hypotension and tachycardia are 
prominent. 5 9 1 9 3 This condition usually does not lead to heat stroke, because thermal 
sweating still occurs.113 In the majority of patients heat exhaustion results from a 
combination of both water and salt depletion, and symptoms may be manifold.59193 
Clinically, heat stroke can be divided into 'classical' and 'exertional', and presents 
an acute medical emergency with a potentially high mortality (20 - 70%), that 
requires immediate heroic measures.193 The most important predisposing factors for 
heat stroke are summarized in Table II. Clinically, heat stroke is generally characte­
rized by the triad of core temperature above 40°C, hot dry skin, and functional 
disturbance of the central nervous system. However, the absence of one of these 
characteristics certainly does not exclude the diagnosis of heat stroke;э9·193 for 
example, in exertion-induced heat stroke the patient usually sweats. Most victims of 
classical heat stroke are elderly individuals, often with preexisting chronic 
(particularly cardiovascular or mental) diseases and no access to air-conditioning, 
during heat waves. The victims of exertional heat stroke are predominantly highly 
motivated younger subjects driven by the discipline of work, military training, 
sporting events such as marathon running, or religious rites.39,193,217 
Prodromal symptoms of heat stroke include headache, dizziness, nausea, weak­
ness, confusion and/or agitation, hyperpnoea, and abdominal distress, but 
unconsciousness or convulsions may be the presenting symptom. Physical 
examination most often reveals marked hyperthermia, prostration, tachycardia, 
tachypnea, hypotension, and severely decreased consciousness. Prolonged coma, 
marked hypotension, status epilepticus, disseminated intravascular coagulation, 
necessity for intubation, and particularly shock and serious underlying disease are 
bad prognostic indicators.37,59 Laboratory findings in classical heat stroke include 
respiratory alkalosis, lactic acidosis, haemoconcentration, leucocytosis, and modest 
hyperuricemia, whereas in exertional heat stroke marked renal failure, rhabdo-
myolysis, marked hyperuricemia, lactic acidosis, hypocalcemia, hypophosphatemia, 
hypernatriemia, hypo- or hyperkaliemia, hypoglycaemia, and distinct disseminated 
intravascular coagulation are often present.3 7 , 5 9 , 1 9 2 1 9 3 
The diagnosis of heat stroke is usually evident, but various other possible causes 
of hyperpyrexia have to be considered; the most important are sepsis, thyroid storm, 
phaeochromocytoma storm, adrenal insufficiency, delirium tremens, meningitis, 
intracranial haemorrhage, typhoid fever, malaria, pyogenic infections, and drug 
abuse.238 
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The cornerstone in heat stroke is its prevention and early recognition. The 
primary goal in the treatment of heat stroke is immediate elimination of 
hyperthermia by vigorous cooling and adequate water and salt replacement along 
with continuing monitoring the vital signs and biochemical parameters. The best 
cooling strategy in heat stroke remains under debate, and a number of methods are 
advocated, including iced peritoneal lavage, ice packs, ice or cold water baths; 
optimum cooling is generally achieved by various evaporative cooling methods, in 
combination with drugs (e.g. chlorpromazine) that prevent shivering and convul-
sions.59192'212,237·239"241 The most frequendy applied cooling methods involve use of an 
ice-water bath or by vaporization of atomized tepid water from the warm skin in a 
special cooling unit; rectal temperature should decrease to 37.8 — 38.9°C within one 
h o u r 37,59,238,242 
The patient should be carefully observed and treated rapidly in the case of 
complications. The most common complications of heat stroke include cardiogenic 
or hypovolemic shock, acute renal failure (secondary to hypovolemia, 
rhabdomyolysis, or myoglobinuria), metabolic acidosis, cardiac arrhythmias, severe 
neurologic deficits, convulsions, disseminated intravascular coagulation and other 
derangements of clotting, pulmonary oedema, adult respiratory distress syndrome, 
and hepatocellular damage. For the specific management of heat illness the reader is 
referred to standard medical textbooks and cited literature. The overall morbidity 
and mortality of heat stroke strongly depend on the duration of hyperthermia, the 
peak core temperature itself, underlying diseases, the degree of damage to the 
neurological, haematological, renal and respiratory systems as well as clinical 
experience.193,237 In order to treat the patient adequately and to prevent recurrence 
of heat illness after emergency treatment, meticulous attention should be devoted to 
putative underlying predisposing conditions, including disorders of autonomic or 
behavioral thermoregulation. 
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1.6 POIKILOTHERMIA 
'In the field of observation, chance favors only the mind that is prepared.' 
(Louis Pasteur, 1822-1895). 
1.6.1. Poiktlothermia in animals 
Most living creatures are poikilotherms, often referred to as ectotherms based on 
environmental temperature as major determinant of body temperature. Only birds 
and mammals are homeotherms (or endotherms) Dependent on ambient condi-
tions, core temperature in Poikilothermie animals is generally markedly lower than 
in homeothermic animals due to the higher metabolic rate in the latter group. Many 
poikilotherms can survive a wide range of internal temperatures, whereas the zone 
of thermal tolerance in homeotherms is markedly smaller; in the latter group 
adequate behavioral thermoregulation is often of vital importance to complement 
autonomic thermoregulatory mechanisms in order to meet extreme temperature 
conditions. 
The Greek term 'poikilothermia' means literally 'many temperatured'. 
Customarily, Poikilothermie animals are considered cold-blooded, and their core 
temperature is believed to be virtually similar to the environmental temperature 
However, poikilotherms show various degrees of body temperature control, 
primarily by behavioral thermoregulation in response to perceptions of internal and 
external temperature, as well as by several mechanisms for temperature compen-
sation. Actually, poikilotherms represent a most heterogeneous variety of aquatic 
and terrestrial species Between the various Poikilothermie species marked differ-
ences can be observed with regard to the response to ambient temperature 
Distinction should be made between strictly ectothermic animals, in which core 
temperature is determined by the temperature of their environment, and more 
endothermic animals, in which the endogenous heat is obtained partly from 
metabolism and core temperature may markedly exceed ambient temperature For 
example, core temperature in many sharks and large tunas can be markedly higher 
than the ambient temperature, with consequently increased stamina that is beneficial 
for swimming and prey capture in fngid waters.13 243 
The temperature-relationship between poikilotherms and their environment 
follows several thermal principles Each animal lives within a zone of temperature 
tolerance, where its life processes are not damaged by temperature changes This 
viable temperature range is species-specific and capable of considerable 
acclimatization.16 Within this zone of thermal tolerance, many animals have a 
preferred temperature (thermal preferendum) and a temperature optimum, where 
biochemical, physiological, and behavioral processes proceed at maximum rates ^3 
Within this zone, the internal temperature affects their activity, mediated by the rate 
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of biochemical reactions and thus metabolic rate. Actually, the major problems in 
poikilothermia are how to maintain activity at low or high body temperatures, and 
how to preserve adequate function during fluctuations of temperature; in this 
respect, the nervous system is of critical importance in determining the thermal 
limits for behavioral competence and survival.244 However, many Poikilothermie 
species, in particular with large enough bodies, manage to achieve a relatively 
constant level of metabolic and locomotor activity over a wide range of tempera-
tures, by means of both ectothermic and endothermic mechanisms.1516·243-245 
Terrestrial animals in particular have to cope with considerable variations in ambient 
temperature. Both cold and heat markedly influence their activity and may induce 
potentially lethal effects unless adequate compensatory mechanisms come into play. 
In the case of a sudden temperature change, a Poikilothermie animal may show 
an immediate behavioral response by seeking an ambient temperature closer to its 
preferred temperature; in several species, rapid metabolic and cardiovascular 
adjustments may also occur. At extremes of cold and heat, many animals respond by 
a (reversible) sequence of neurophysiological and behavioral failures, particularly of 
complex behavioral responses, that are hierarchical in decreasing sensitivity: complex 
learning, locomotor activity, simple reflexes, synaptic transmission, and finally failure 
of axon conduction.244,245 
On a long term basis, animals at all levels in phylogeny have developed several 
mechanisms of temperature compensation. These mechanisms involve metabolic 
and behavioral capacity adaptations to maintain a relatively constant activity over a 
wider range of body temperatures and resistance adaptation that permit continued 
function at thermal extremes.243,245 In general, three types of compensation are 
recognized: (1) acclimation (in the laboratory) or acclimatization (in nature), (2) 
body temperature adjustment or regulation, and (3) genetic or evolutionary 
adaptation.243 In Poikilothermie animals, core temperature compensation to adjust to 
changing thermal environments involves biochemical processes, and in higher 
vertebrates also neuroendocrine mechanisms and behavioral responses.243,244,246 
Behavioral adjustments depend on both thermal sensitivity and the capacity to 
respond by locomotion, and are pivotal to regulate core temperature close to the 
thermal preferendum in poikilotherms, particularly in insects and reptiles.16,243 
Actually, many reptiles show in several respects a considerable degree of temperature 
regulation involving both behavioral (ectothermal) and metabolic (endothermal) 
responses. They lack central autonomic control mechanisms, virtual constancy of 
core temperature as well as emphasis on metabolic heat and insulation by fur or 
feathers.243 Furthermore, various levels of physiological adjustments can be observed 
in several (more endothermic) poikilotherms. First, in crocodilians and several 
families of lizards, cutaneous vasodilatation or vasoconstriction occurs in response to 
thermal challenge, and many Poikilothermie species cool their bodies through 
evaporation of moisture, with the potential risk of desiccation. Second, seasonal 
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adaptations m neuroendocrine activity can prepare a Poikilothermie animal for 
extreme temperatures during summer or winter. Third, some (partly endothermic) 
poikilotherms are able to maintain a relatively constant core temperature despite 
large variations in ambient temperature. As stated above, in some tunas and sharks 
extremes of temperature are compensated by counter-current heat exchange 
mechanisms to conserve metabolic heat, and some insects compensate thermal stress 
by adjustments in specific activity like shivering or evaporation of moisture.16243 
Investigations of the survival value of fever in Poikilothermie vertebrates have 
shown that, following an infection, an increase in body temperature (by elevation of 
ambient temperature) results in a decrease in their morbidity and mortality Hence, 
an increase in body temperature by adequate behavioral measures up to the opti-
mum temperature for immunological defenses is of great adaptive value in the 
survival of infectious diseases in ectothermic species.7 
1.6.2. Induction ofpoikilothermta in mammals 
The paramount importance of the hypothalamus, and particularly the POAH 
region, in temperature regulation has been demonstrated by the occurrence of 
thermoregulatory dysfunction in homeothermic laboratory animals caused by 
hypothalamic lesions. Destruction of the hypothalamus can result in hypothermia, 
hyperthermia, or poikilothermia. In animals with lesions of the POAH region, the 
heat dissipation threshold can be raised permanendy, with markedly impaired heat 
defense or sometimes manifest poikilothermia 26_3°247 Important, in animals with 
destruction of the POAH region the thermosensitivity of the medulla can be 
elevated and behavioral thermoregulation is often increased, possibly to compensate 
for the inadequate autonomie thermoregulation.1423248 
Separation of the medial preoptic nuclei from the anterior hypothalamus, or 
lesions in the caudal hypothalamus or rostral third of the midbrain can produce 
manifest poikilothermia.928,30 However, in such experiments it is very difficult to 
study selectively the interrelationship between hypothalamic lesions and 
thermoregulatory responses, because of the complex neural organisation of 
thermoregulatory pathways and compensatory adjustments by other thermosensitive 
areas. Furthermore, in laboratory animals poikilothermia can be induced by several 
drugs and alcohol, mediated by a decrease of autonomic or behavioral 
thermoregulation.249,250 It should be emphasized that most laboratory studies are 
focused on autonomic thermoregulatory responses, with little attention to 
compensatory behavioral adjustments. 
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1.6.3. Poikilothermia in human individuab 
Etiology 
Poikilothermia in man is defined as fluctuation in core temperature of more than 
2°C due to changes in ambient temperature.20 Hypothalamic lesions in humans may 
result in hypothermia, hyperthermia, or poikilothermia, but the relationship 
between the site and extension of the lesions and the occurrence of 
thermoregulatory abnormalities is often difficult to establish. 
It has been claimed that poikilothermia in humans is caused by lesions in the 
posterior hypothalamus and midbrain. Higher cerebral lesions normally do not 
interfere with thermoregulation, although behavioral thermoregulation may be 
compromised. Depending on the nature and extent of the lesions, there may be 
diminished, or loss of, thermal discomfort, and of both autonomic and behavioral 
thermoregulation.162,228 Clinical evidence indicates that the lesion producing 
poikilothermia must be bilateral in the hypothalamus. However, since in only few 
Poikilothermie patients neuropathological examination has been performed,252"255 the 
exact nature and extent of the lesions responsible for this thermoregulatory disorder 
are rarely known. Bilateral lesions of the efferent thermoregulatory pathways below 
the hypothalamus can also result in poikilothermia; in particular spinal cord injuries 
in individuals with paraplegia and tetraplegia are well-known causes of partial 
poikilothermia in such patients.256,257 
The nature and severity of central thermoregulatory disorders show great 
variability between individual patients and depends largely on the site and extent of 
the hypothalamic defect.162 As the POAH region predominandy functions as a 
thermostat by regulation of the 'set-point' temperature and dominates the heat 
dissipating mechanisms, distinct lesions in this region may cause heat intolerance or 
thermostatic failure; conversely, damage in the posterior hypothalamus is more likely 
to result in hypothermia or poikilothermia.162,228 Because of the complexity of the 
thermoregulatory neural pathways, the inconsistency of hypothalamic lesions, the 
occurrence of thermoregulatory disorders and the interaction of autonomic and 
behavioral thermoregulation, it is very difficult to predict the thermoregulatory 
consequences of anatomical lesions within the hypothalamus. 
Relative poikilothermia, usually in the absence of acquired hypothalamic disease, 
is frequendy encountered in the newborn (particularly when premature), the 
senescent and in patients with spinal cord injuries.162,228,257 The thermolability in 
these subjects can be caused by inadequate autonomic responses to abnormal core 
temperatures or thermal stress but, frequently, lack of thermal discomfort or failure 
of behavioral thermoregulation plays the most important role. Several metabolic 
disorders can be caused by sedative drugs (e.g., anaesthetics, chlorpromazine, 
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alcohol), hypoglycaemia, hypothyroidism or other underlying conditions that can 
compromise thermoregulatory efficiency and induce marked susceptibility to 
cold.69·120'162'227·228 Conversely, if the heat dissipating mechanisms are diminished, 
relative poikilothermia predisposes to hyperthermia, particularly in the case of other 
contributing risk factors for this condition.162196,228 
Most patients with poikilothermia present with decreased core temperature in 
cold and moderate climates, but in a hot environment they may present with 
marked hyperthermia, even without performing physical exercise. Important, 
patients with poikilothermia can show marked deviations in core temperature, in 
particular hypothermia, without obvious thermal stress. 
Case reports 
It has been stated that poikilothermia, resulting from impairment or loss of both 
heat production and heat dissipation, is the most common central disorder of 
thermoregulation in man.162,228 Yet only few patients with proven poikilothermia 
have been reported upon144·197·252-253·23"-263 Since only few thermoregulatory studies 
have been performed in patients with poikilothermia, little is known about the 
pathophysiology and clinical implications of this disorder. 
According to definition of human poikilothermia (i.e., fluctuation in core 
temperature of more than 2 °C due to changes in the ambient temperature) and 
depending on behavioral thermoregulation, individuals can be Poikilothermie by 
failure of the heat dissipating capacity or the heat conserving and heat producing 
capacity, or a combination of both conditions. Unfortunately, the thermoregulatory 
capacity to withstand cold stress is rarely investigated in patients with (intermittent) 
hyperthermia; conversely, the opposite applies to patients with intermittent 
(accidental) or chronic hypothermia. Therefore, it can be argued that several patients 
with intermittent hypothermia or hyperthermia are in reality Poikilothermie, 
particularly when subjected to thermal stress or in combination with inadequate 
behavioral thermoregulation. 
A summary of Poikilothermie patients reported upon in the literature, including 
the patients in the present study, is presented in Table III. 
It is noteworthy that of the nineteen Poikilothermie patients reported by others, 
nine cases were newborn infants with severe abnormalities of the central nervous 
system.252"234 The age of the other patients ranged from 16 to 68 year (5 females and 
5 males). In three adult patients hypothalamic lesions could be demonstrated. Some 
of these patients were not or only partially studied as to autonomic 
thermoregulatory reactivity, and the other patients were investigated by means of 
various methods; therefore it is difficult to make an adequate comparison of the 
underlying pathophysiology between the patients as described by various authors. As 
far as investigated, none of the patients showed shivering, only one patient showed 
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cold-induced vasoconstriction, and the capacity for thermal sweating was absent or 
attenuated in all patients. The Bannister patient showed a normal response of the 
sweat glands to subcutaneous pilocarpine,197 whereas 6 infants studied by Cross 
showed no response to sudorific drugs.254 As far as investigated, the metabolic rate 
depended markedly on the level of core temperature. Ш ' Ъ Х Ъ 4 The Hockaday patient 
failed to respond to pyrogen infusion, whereas the Lipton patient showed an 
abnormal biphasic response during the pyrogen test with concomitant vasoconstric­
tion. Interestingly, in the patient with Wernicke's encephalopathy the thermoregu­
latory responses to cold and heat exposure, and pyrogen stimulation were markedly 
improved after two months of thiamine treatment.259 In another patient, 
poikilothermia disappeared five years after treatment of the germinoma in the basal 
ganglia by surgery and irradiation.263 The characteristics of the patients in the present 
study are summarised in Table III; a more detailed description is presented in 
Chapter III. 
Diagnosis and manifestations 
The diagnosis of poikilothermia is difficult for various reasons.41,264 First, damage 
to the central thermoregulatory pathways affects not only autonomic heat-regulating 
pathways but can also impair the conscious sensation of thermal discomfort and 
behavioral thermoregulation; consequently, many Poikilothermie patients are 
unaware of their condition and do little to maintain normothermia.4 1 '1 6 2 , 2 2 8 '2 2 9 
Second, many physicians do not recognize adequately the signs and symptoms of 
marked fluctuations in core temperature or manifest hypothermia and hyperthermia, 
and have insufficient awareness of poikilothermia. Third, inadequate clinical 
thermometry and the relatively warm and steady ambient temperature in most 
hospitals can seriously hamper detection of the liability to abnormal core 
temperatures, in particular hypothermia. Fourth, severe thermolability caused by 
autonomic thermoregulatory failure can be compensated partially by adequate 
(innate or learned) behavioral thermoregulation; the latter becomes of increasing 
importance in preventing marked fluctuations in core temperature during thermal 
stress. Particularly in the absence of cold or heat stress, this compensatory 
thermoregulatory behaviour can further complicate recognition of poikilothermia. 
Fifth, decreased thermostability has a difficult and extensive differential diagnosis and 
many conditions predispose to hypothermia or hyperthermia. In general, the 
diagnosis of poikilothermia should be considered in any patient with (intermittent) 
hypothermia or hyperthermia, in particular in the absence of thermal stress or other 
obvious predisposing conditions.41,264 
The signs and symptoms of poikilothermia in humans depend on the level of 
core temperature, with more serious manifestations in progressive hypothermia or 
hyperthermia. Even mild deviations in core temperature, often without previous 
thermal stress, can induce significant changes in physical and mental function of the 
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TABLE III. PATIENTS WITH POIKILOTHERMIA REPORTED IN THE LITERATURE 
Case Age/sex Range of TR Diagnosis Associated 
(°C) diseases 
Thermoregulatory responses 
Vasomotor Shivering Thermal BMR 
activity sweating 
I.Davison252 inlant 
t 2 9 d 
2. Kahn25" 32 F 
3. Hockaday'44 30 F 
<33.β)-39.1 
33.3-35.3 
(oral) 
32.8-35.0 
4. Bannister'" 51 F 28-38.7 
neuroblastoma hydrocephalus 
aneurysm 
suprasellar 
epilepsy 
1 vision 
oligomenorrhea 
1 thyroid and 
adrenal function 
dementia 11 
meningovascular ι 
syphilis (7) 
Π -TR 
N (TR?) 
pilocarpine 
- sweating 
5. Cross™ 1 d, M ± 2 9 
f i d 
6. Cross*4 0-65 d 31-38 
6F, 1M 
7. Cambiar2" 65 M 33.2-39.0 
8. Lipton** 53 M 33.3-37.Í 
anencephaly 
2 anencephaly 
4 encephalocele 
1 myelocele 
hypothalamic SIADH 
proliferative i corticotropic 
reticulosis & gonadotropic 
function 
Wernicke's 
encephalopathy 
-TR 
-TR 
9. Booth2" 31 M 37? - 39.4 basal deficiency ol 
(oral) encephalocele GH, TSH, ACTH, 
LH and FSH 
diabetes 
insipidus 
10. Villadsen2*' 16 M 32-42 hypernatremia 
polyphagia 
adipsia 
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Case 
(continued) 
Age/sex Range of TR Diagnosis 
( X ) 
Associated 
diseases 
H.Gnfflths*2 40 M 31 4-? craniopha- pancytopenia 
ryngioma deficiency of 
TSH, LH and 
FSH 
1 mentation 
12. Allen*0 68 F 33 4-34.4 
13. Nakasu*5 17 F 33.5-39 germmorna hemiparesis 
Present study 
Patient 1 29 F 34.5-40 tumour near frontal lobe 
Patient 2 
Patient 3 
38 F 
34F 
Patient 4 31 F 
31.4-35.2 
32. -Э7 
30.9-37 
corpus 
callosum 
unknown 
unknown 
contusional 
thalamic 
lesions 
syndrome 
epilepsy 
part diabetes 
insipidus 
hype .prolactinemia 
1 thirst perception 
polyphagia 
amenorrhoea 
subclinical 
hypothyroidism 
epilepsy 
amenorrhoea 
hyperprolactinemla 
panhypoprtu itansm 
bone marrow 
aplasia 
posttraumatic 
encephalopathy 
epilepsy 
amenorrhoea 
(temporary) 
i thirst perception 
Thermoregulatory responses 
Vasomotor Shivenng Thermal BMR 
activity sweating 
-42% (33.2°C) 
1 -TR 
I -TR 
I -TR 
TR (rectal temperature); ι (decreased); - (absent); + (present); BMR (basal metabolic rate) 
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Poikilothermie patient.41,264 Repeatedly, concurrent endocrine or non-endocrine 
manifestations of hypothalamic and brain stem disorders or other predisposing risk 
factors for decreased thermostability can be observed. 
Generally, the clinical manifestations of marked deviations in core temperature in 
human poikilothermia are comparable to the well-known signs and symptoms 
observed in accidental hypothermia50·71·102·110·114·120 and hyperthermia59·193'196 The 
manifestations observed during mild to moderate hypothermia and hyperthermia in 
our patients with poikilothermia are summarized in Chapter III. The most striking 
symptoms of mild hypothermia include a decrease of higher cerebral functions, 
lethargy, disorders of speech and gait, undue fatigue, bradycardia, decreased 
metabolic rate and occasionally seizures. Conversely, hyperthermia induces 
progressive attenuation of mentation and symptoms of heat illness. In both 
hypothermia and hyperthermia the patients showed failure of thermoregulatory 
behaviour to counteract the abnormal core temperature. 
Clinical implications and management 
Patients with poikilothermia are at risk for serious hypothermia and hyperthermia 
when exposed to thermal stress, with potentially serious complications. The 
occurrence of manifest hypothermia and hyperthermia depends on environmental 
conditions, nature and severity of failure of autonomic and behavioral 
thermoregulatory mechanisms, physical activity, and other predisposing conditions 
for decreased thermostability.41 As mentioned above, even mild deviations in core 
temperature can markedly affect both physical and neuropsychological function, 
with far-reaching sequelae for the quality of life. Since the rate of biochemical 
reactions is influenced by variations in temperature, deviations in core temperature 
will significantly alter various biological processes, such as detoxification and 
elimination of medications. 
The management of (accidental) hypothermia and various types of hyperthermia 
has been discussed in excellent
 reviews.50·71•59·102•,14•120·121·1%·,99'2ü9•237 Most of the 
recommendations for management of hypothermia and hyperthermia also apply to 
patients with poikilothermia. However, the guidelines for the clinical management 
and treatment of hypothermia and hyperthermia are based on the wide experience 
with patients with induced or accidental hypothermia and heat illness. These 
guidelines for the management of abnormal core temperatures should be applied 
cautiously in patients with decreased thermostability of central origin.41 In patients 
with poikilothermia, mild to moderate hypothermia and hyperthermia can occur 
without previous thermal exposure and often do not require active (core) 
rewarming and cooling measures, respectively. In rewarming the Poikilothermie 
patient following obvious cold stress, it should be taken into account that the 
mechanisms to restore normothermia are attenuated, with possibly an afterdrop in 
core temperature or an overshoot response to heating. Conversely, the opposite 
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applies to cooling the Poikilothermie patient following heat exposure. 
In the clinical management of poikilothermia, it is pivotal to understand the 
underlying pathophysiology and to determine the nature and severity of this 
thermoregulatory disorder. It is important to take a meticulous history and to 
perform a thorough examination, with special emphasis on autonomic and 
behavioral thermoregulation, use of medications and other predisposing risk factors 
for decreased thermostability. Careful assessment of core temperature in daily-life 
conditions and during thermal exposure is critical for the diagnosis of 
poikilothermia. Additionally, autonomic effector mechanisms have to be 
investigated, at thermoneutrality and during both cold and heat exposure.41 
Unfortunately, often little attention is given to the heat dissipating capacity in 
patients with (recurrent) hypothermia; conversely, putative failure of the 
thermoregulatory mechanisms to prevent hypothermia is repeatedly not assessed in 
patients with (intermittent) heat illness. Furthermore, in patients with fluctuating 
core temperature, the possible relationship with variations in ambient temperature is 
sometimes not investigated and therefore the diagnosis of poikilothermia remains 
uncertain. 
Adequate recognition and treatment of other disorders that predispose to either 
hypothermia or hyperthermia, and limitation of the use of various medications and 
drugs (including alcohol), is critical in the management of patients with poikilo-
thermia. In the management of an elevated core temperature, the distinction 
between fever and other types of hyperthermia is preeminent but often difficult to 
make, particularly in human poikilothermia, and both conditions can occur 
simultaneously.196'209,229 Close attention should be given to appropriate behavioral 
thermoregulatory measures, with support of people in the patient's environment, in 
order to be able to compensate for the failure of autonomic thermoregulation in the 
patient. Intermittent or continuous ambulatory monitoring, possibly with alarm 
settings if temperature thresholds are exceeded, can help to prevent serious 
deviations in core temperature, in particular during thermal stress. Adequate 
understanding and management of individuals with poikilothermia can hopefully 
contribute to limit the fluctuations in core temperature, improve the mental and 
physical function and thereby quality of life, and prevent potentially serious 
complications of hypothermia and hyperthermia.41,264 
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Outline of the thesis 
The aim of the present study was to investigate the following questions: 
1. What is the nature and severity of poikilothermia in the patients under study? 
2. What is the pathophysiology of thermoregulation underlying poikilothermia 
in these patients; more specifically, what is the relationship between the 
marked thermolability and putative disorders in metabolic rate, skin vasomotor 
reactivity, sudomotor function, and other autonomic functions? 
3. What is the influence of induction of steady state hypothermia and 
normothermia on the thermoregulatory effector mechanisms? 
4. What is the effect of steady state hypothermia and normothermia on physical 
and neuropsychological function? This influence was particularly investigated 
with respect to the cardiac and neurophysiological function. 
5. To what extent does putative inadequate behavioral thermoregulation 
contribute to the occurrence of poikilothermia in these patients? 
6. Which clinical signs and symptoms should increase the suspicion of 
poikilothermia? 
7. What are the clinical implications for the management of patients with 
poikilothermia, and what measures can be taken in order to prevent large 
fluctuations in core temperature and potentially serious complications of 
hypothermia and hyperthermia? 
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THERMOREGULATION AND AFTERDROP DURING 
HYPOTHERMIA IN PATIENTS WITH POIKILOTHERMIA 
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S U M M A R Y 
The pathophysiology of afterdrop of core temperature during rewarming in patients 
with induced or accidental hypothermia remains controversial. We studied the effect 
of cooling and rewarming in four female patients with acquired poikilothermia and in 
four normal females. Exposure to cold air (16.5°C) induced shivering and adequate 
vasoconstriction in normal individuals, without a fall in rectal temperature (Tr; 36.3 ± 
0.2°C [mean ± SD]); subsequent heating (40°C) induced a rise in T r to 37.0 ± 0.3°C 
and generalized sweating. The four patients all had spontaneous hypothermia (Tr 34.1 
± 0.9°C) before cooling. Tr decreased by 0.3-0.9°C during cold exposure, and a mar-
ked afterdrop of T r (0.3-0.5°C) occurred during rewarming: this did not occur in 
normal individuals. Cooling failed to induce shivering and vasoconstriction in three 
patients. No patient showed visible sweating during heating despite a Tr of up to 38.0-
38.5°C and skin temperature of up to 37.7-38.5°C. The basal metabolic rate was de-
creased by 71-82% in all patients during steady-state hypothermia and remained lowe-
red during normothermia in two patients. We conclude that during hypothermia three 
of the four patients showed severe disorders of peripheral vasomotor function and 
shivering response. These data provide evidence for thermal conduction as the major 
mechanism of afterdrop during hypothermia. 
INTRODUCTION 
Afterdrop, the continued fall of core temperature during rewarming after severe 
cold stress, complicates the treatment of induced and accidental hypothermia. After-
drop markedly increases the risk, of cardiovascular complications during hypothermia. 
The mechanism of afterdrop remains unknown, although it has been attributed to pe-
ripheral vasodilatation, which cools the body's core due to the return of cold blood 
from the periphery.1,2 Several investigators have recently claimed that afterdrop is due 
to the simple conductive removal of heat from the body core by the colder external 
body shell, according to the laws of thermal equilibration.3"5 Others have suggested that 
afterdrop of core temperature is probably due to a combination of both conductive and 
circulatory mechanisms.6"11 
Poikilothermia is defined as a fluctuation in core temperature of more than 2°C 
due to changes in ambient temperature.12 Although poikilothermia is considered to be 
the most frequent central disorder of thermoregulation in man,13 only a few patients 
have been described in detail. Knowledge of the pathophysiology of poikilothermia in 
man is limited, since thermoregulatory responses to thermal stress have been investiga-
ted in only very few Poikilothermie patients.14"20 Recendy, we reported the thermore-
gulatory responses to cold stress and heat challenge (following adaptation in a thermo-
neutral environment), assessed on separate days, in patients with poikilothermia.21 
The aim of the present study was to assess the effect of cooling and subsequent re-
warming on core temperature during spontaneous hypothermia in patients with 
poikilothermia, with specific regard to the mechanism of afterdrop. In a separate 
experiment the basal metabolic rate was determined in the patients during both steady 
hypothermia and normothermia, in order to assess whether steady hypothermia was 
counteracted by increased heat production and whether the basal metabolic rate retur-
ned to normal during normothermia. 
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PATIENTS A N D METHODS 
We investigated four female patients (aged 28 - 37 years) with acquired poikilo­
thermia, probably of hypothalamic origin, and four normal females. All patients had a 
normal history of body temperature regulation previous to the development of 
poikilothermia. A more detailed description of the patients has been published else­
where,21 therefore only data relevant to this study are given. 
Patients 
Patient 1 was a 28-year-old woman who had a large tumour near the corpus cal-
losum removed in 1983. Postoperatively, she exhibited epilepsy, frontal lobe syndro­
me, and hypothalamic dysfunction, including poikilothermia. Most of the time she 
maintained her core temperature between 35.0 and 38.6°C. Decrease in core tempera­
ture provoked progressive lethargy, lack of activity, slurred speech and impairment of 
cerebral mentation. On hot summer days her core temperature exceeded 40 °C; no 
sweating had been noticed since the operation in 1983. At the time of the investigation 
she was treated with bromocriptine 2.5 mg/day, L-thyroxine 150 μg/day, desmopres­
sin 0.05 mg/day, and phenytoin 3 χ 75 mg/day. 
Patient 2 was a 37-year-old woman with no relevant medical history until the 
development of epilepsy, secondary amenorrhoea, and poikilothermia in 1982. Clinical 
evaluation failed to reveal well-known causes of thermolability; CT and MRI scanning 
of the cerebrum revealed no hypothalamic or pituitary pathology. Her core tempe­
rature ranged from 31.4 to 35.2°C. She was admitted to the hospital many times for 
hypothermia, epileptic seizures and severely clouded consciousness, and physical 
examination revealed deterioration of higher cerebral functions, lethargy, confusion, 
slurred speech, and ataxia. Exposure to a hot environment induced a rise in core 
temperature up to 38.2°C without inducing sweating. At the time of the study she was 
taking liothyronine sodium 3 χ 25 μg/day, sodium valproate 3 χ 500 mg/day, and 
ethosuximide 3 χ 250 mg/day. 
Patient 3 was a 33-year-old woman in whom panhypopituitarism and marked ther­
molability were demonstrated in 1982. M R I scanning of the cerebrum in February 
1990, showed an empty sella. Her core temperature ranged from 32.9 to 37.0°C. 
Hypothermia induced general fatigue, amnesia, confusion, disorientation, impaired 
judgement, and clouding of consciousness. Core temperatures above 37.5°C elicited 
severe discomfort, agitation, and impaired mentation without inducing sweating. At 
the time of the study she was on a regimen of cortisone acetate 37.5 mg/day, 
desmopressin 0.0125 mg/day, L-thyroxine 100 μg/day, calcium glubionate 1000 
mg/day, and oestradiol in combination with medroxyprogesterone acetate. 
Patient 4 was a 30-year-old woman who suffered from epilepsy, post-traumatic 
encephalopathy, and marked hypothermia following extensive cerebral damage in a 
traffic accident at the age of 16. CT scanning of the cerebrum in 1978 revealed marked 
central atrophy of the hemispheres, including bilateral thalamic lesions. Hypothermia 
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(core temperature 31 7 - 36° С) progressively induced clouding of consciousness, men­
tal deterioration, lethargy, apathy, slurred speech, and stumbling gait. During a com­
mon cold core temperature increased up to 39°C without eliciting sweating. At the 
urne of the study she used no medication. 
Methods 
Expenmental procedures were approved by the local ethical committee; informed 
consent was obtained from each participant. 
The physical characteristics of the patients and four healthy normal females of simi­
lar age are listed in Table 1. All normal individuals were studied during the follicular 
phase of the menstrual cycle (days 5 - 1 1 ) , they used no medication and none had a 
history of peripheral vascular disease. All subjects underwent a routine physical exami­
nation before entering the study Body fat percentage was estimated according to Dur-
nin2 2 by measuring skinfold thickness at four sites (biceps, tnceps, subscapular, and 
supraihac) The patients were admitted to the hospital on the day preceding the 
investigation, no special measures were taken to influence core temperature before the 
start of the experiment 
All participants were investigated in a climatic chamber during exposure to cold 
(ambient air temperature (TJ 16.5°C, 78% relative humidity) and during subsequent 
heat challenge (T, 40°C, 40% relative humidity). The subjects reported to the climatic 
chamber at 09 00h, 1 hour after a light meal. They were asked to abstain from smo­
king for 24 h, and from alcohol and caffeine for 12 h preceding the investigation After 
adaptation to room temperature (20 °C) for at least 30 min, total body weight and rec­
tal temperature (T
r
) were recorded. Thereafter, the subjects dressed in bikini, and were 
transferred to the climatic chamber. After attachment of the equipment used to measu­
re the thermoregulatory vanables the participants were exposed to thermal stress while 
at rest in a supine position. The normal women were exposed to cold (T
a
 16.5°C) for 
80 min; subsequent heat stress (Τ, 40 °C) was terminated after 300 mm because of mar­
ked discomfort. Cold stress in the patients was terminated if T
r
 decreased below 
32.5°C or when marked discomfort was experienced, heat challenge was terminated 
when T
r
 reached 38 5°C or if the patient was in obvious distress. 
The following parameters were recorded every 10 min. Rectal temperature was 
measured with a temperature probe with thermistor (type YSI 401, Yellow Spring 
Instruments Co., Ine , Ohio, USA), depth of insertion 10 cm. The magnitude and rate 
of cooling and afterdrop were calculated for the periods of decreasing T
r
, starting from 
the first measurement during cooling and the beginning of rewarming respectively, 
until no further decrease was observed. As duration of afterdrop the time was taken 
from the start of decrease in T
r
 until return to the original level at the beginning of 
afterdrop. Analogously, the rate of increase in T
r
 during heating was calculated from 
the start of nse in T
r
 until no further increase was observed. Skin temperature was 
recorded, using thermocouples (Ellab Instruments, Copenhagen, Denmark), on fore­
head, sternum and abdomen; mean skin temperature (T
s b n) was taken as the average of 
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the measurements on these sites. Finger skin temperature (T¡) was measured on the 
distal volar surface of the third fingertip. Skin blood flow was estimated on the distal 
volar surface of the second finger by means of laser Doppler flowmetry (arbitrary units 
(AU), PERIFLUX Pf-ld, Perimed KB, Stockholm, Sweden), which measures the flux 
of red blood cells in the microcirculation underlying the probe. Although laser Dop-
pler flux is of limited value to estimate interindividual differences in (total) skin blood 
flow, it is very sensitive to microcirculatory changes in flux as indication of skin vascu-
lar reactivity.23 Heart rate was recorded by electrocardiography. Blood pressure was 
measured at the left arm with a DINAMAP™ recorder (Vital signs monitor 1846, 
Critikon Ine, Tampa, FL, USA). The mean arterial blood pressure was calculated as 
the sum of the diastolic pressure and one-third of the pulse pressure. The occurrence 
and degree of (visible) shivering and sweating was estimated by close visual observation 
by the investigators. The subjects were allowed to drink limited amounts of tepid wa-
ter and to eat one or two biscuits occasionally. During cold stress the subjects were 
covered with a sheet to reduce the influence of air circulation. 
The duration of cooling had to be reduced due to severe discomfort or Tr < 
32.5°C in patients 3 and 4, respectively. To establish whether the heat dissipating me-
chanisms were affected in the patients at T r > 37°C, heat stress in the patients was 
maintained until Tr was at least 38.0°C. 
The basal metabolic rate was measured on a separate occasion, after 4 days of steady 
state mild hypothermia as well as after a similar period of steady normotherrrua. Con-
trol of core temperature was achieved by modulation of the ambient temperature, clo-
thing, and the use of an electric blanket. The basal metabolic rate was recorded by 
means of a spirometer filled with oxygen; C 0 2 was absorbed by a sodalime filled canis-
ter. The obtained results were compared with the values predicted from standard ta-
bles.2,1 The temperature coefficient (Q,0) was calculated as Q10 = BMRT / BMR(T_10), 
where BMRT is the basal metabolic rate at core temperature Τ and BMR ^_
ι0) is the 
basal metabolic rate at T-10°C (estimated by extrapolation). 
Statistical analysis of differences within the two groups was performed with 
Student's paired f-test (p denoted by p), and between both groups by means of 
Wilcoxon's rank sum test (p denoted by p*). Correlations were analysed using the 
Pearson correlation test. P-values < 0.05 were required for statistical significance. 
Results are expressed as mean ± SD unless stated otherwise. 
TABLE 1. CHARACTERISTICS OF THE SUBJECTS 
Subject 
Age(yr) 
Height (m) 
Weight (kg) 
Body surface (m2) 
Body mass index 
(kg/rn2) 
Mean skinfold thickness 
(mm) 
% Body fat * 
* ρ < 0.05 (Wilcoxon rank 
PI 
27 
1.72 
63.0 
1.96 
26.06 
27.3 
37.6 
P2 
37 
1.62 
62.8 
1.66 
23.93 
22.0 
35.6 
sum test); Ρ (patients) 1 
P3 
33 
1.67 
59.1 
1.66 
21.19 
20.8 
34.9 
- 4 versus 
P4 
29 
1.65 
73.9 
1.81 
27.03 
21.0 
33.9 
N (normal sul 
N1 
25 
1.70 
58.0 
1.67 
20.07 
11.0 
24.7 
tjjects) 1-4 
N2 
3Θ 
1.69 
76.6 
1.87 
26.82 
18.3 
33.1 
N3 
33 
1.65 
51.5 
1.55 
18.92 
9.0 
24.1 
N4 
25 
1.68 
55.6 
1.63 
19.70 
Θ.3 
20.7 
RESULTS 
Rectal temperature and afterdrop 
The T
r
 (36.3 ± 0.2°C) in the normal individuals was not affected by cooling (Fig. 
1). Once rewarming had started (t=0 min), only two of the normal individuals showed 
a minor afterdrop (0.1 °C) of T
r
 (Fig. 2); subsequendy, T
r
 gradually increased and stabi­
lized at 37.0 ± 0.3°C (p < 0.01, t=0 vs t=300 min). 
T
r
 was significandy lower in patients than in the normal individuals at the start of 
cooling (p* < 0.05; Fig. 1). Cooling induced a progressive decline in T
r
 of 0.9, 0.3, 
and 0.4°С in patients 2, 3, and 4, respectively, whereas in patient 1 T
r
 decreased by 
0.3°C and was partially restored thereafter (Fig. 1). During rewarming an afterdrop of 
T
r
 of 0.3, 0.5, and 0.3°C occurred in patients 2, 3, and 4 respectively; in patient 1 an 
afterdrop of 0.3°C was observed (Fig. 2). The rate of decrease (°C/10 min) in T
r
 du­
ring cold stress was significandy greater in the four patients than in the normal indivi­
duals (p* < 0.05); the same applied to the magnitude and duration of the afterdrop of 
T
r
 (p* < 0.05). A strong correlation existed between the rates of decrease in T
r
 during 
cooling and the rates of afterdrop in the patients (r = 0.97, ρ < 0.05). 
During subsequent prolonged heating, T
r
 increased up to 38.5, 38.4 and 38.3°С in 
patients 1, 2 and 4, respectively; in patient 3 the experiment was terminated at T
r 
38.0°C owing to severe discomfort (Fig. 1). Hence, the ultimate T
r
 was markedly 
higher in all patients than in controls (p* < 0.05); the same applied to the rate of war­
ming (p < 0.05). The rate of warming was significantly greater than the rate of both 
cooling (p < 0.01) and afterdrop (p < 0.001) in the patients. 
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¿во 
Time (min) 
Figure 1 (A) Ambient air temperature, (B) rectal temperature and (C) mean skin temperature 
during cold stress and subsequent heat challenge. At time t = 0, heating of the climatic chamber 
was started. The shaded area represents the results of the normal subjects (± SD). The results of 
the patients are represented individually (patient 1 · •; patient 2 О О; patient 3 
Ü Π and patient 4 * * ). 
Mean skin temperature 
At the start of the recording T
s k i n was higher in the normal individuals than in 
patients (32.5 ± 0.9 vs 29.4 ± 0.8°C, p* < 0.05). Further cooling induced only minor 
changes in T
s k i n in both controls and patients (Fig. 1). At the end of heating, T s k i n in 
the controls was 36.5 ± 0.5°C (p < 0.01, t=0 vs t=300 min). Heating induced a rise 
in T^n up to 38.5, 38.4, 37.7, and 38.2 °C in patients 1 to 4, respectively, i.e., higher 
than that seen in controls (p* < 0.05). 
Skin blood flow and finger temperature 
Cold stress induced peripheral vasoconstriction and a decrease in finger temperature 
in the normal individuals as soon as the experiment started (laser Doppler flow 8.7 ± 
4.5 AU; T f 21.8 ± 1.7 °C). After 80 min cooling laser Doppler flow was 5.5 ± 2.3 
AU and T f 18.2 ± 1.0°C. Heating provoked immediate vasodilatation (laser Doppler 
flow up to a maximum of 47.3 ± 8.3 AU after 140 min and 38.5 ± 8.4 AU after 300 
min; ρ < 0.01, t=0 vs t=300 min) and rise in T f to 37.1 ± 0.3°C at the end of the 
experiment (p < 0.001; Fig. 3). 
Time (min.) 
Figure 2 Afterdrop of rectal temperature during rewarming. The shaded area represents the 
results of the normal subjects (± SD). The results of the patients are represented individual­
ly, (patient ! • •; patient 2 о О; patient 3 • D and patient 4 * * ). 
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Figure 3 (A) Ambient air temperature, (B) skin blood flow (laser Doppler flux, arbitrary units 
[AU]), and (C) finger skin temperature during cold stress and subsequent heat challenge. At 
time t = 0 heating of the climatic chamber was started. The shaded area represents the results 
of the normal subjects (± SD). The results of the patients are represented individually (patient 
1" •; patient 2 о О; patient 3 • о and patient 4 » * ). 
82 Chapter II 
Only patient 1 showed adequate peripheral vasoconstriction and reduced T f during 
cooling; rewarming induced immediate vasodilatation (increase in laser Doppler flow 
from 2 to 33 AU) and an increase of T f to 38.8°C. 
During cooling T f and laser Doppler flow were markedly higher in patients 2, 3, 
and 4 than in the controls. Cooling induced a fall in laser Doppler flow from 35 (T f 
32.8°C) to 23 AU (T f 29.4°C) in patient 2; rewarming caused an immediate rise in 
laser Doppler flow up to a maximum of 63 AU (T f 35.8°C) after 200 min and 44 AU 
(T f 38.5°C) at the end of heating. In the patients 3 and 4 laser Doppler flow remained 
virtually unchanged during cooling and heating at about 29 AU; similarly, cooling 
induced only minor changes in T f in these patients (about 31 °C), whereas the ultimate 
Tf was 38.2 and 38.4°C, respectively (Fig. 3). At the end of heating T f was higher in 
the patients than in controls (p* < 0.05), whereas the laser Doppler flow was compara­
ble in both groups. 
32 
τ 
33 
τ 
34 
г 
35 
τ 1 Γ 
36 37 38 
Rectal temperature (eC) 
Figure 4 Basal metabolic rate during steady state hypothermia and normothermia. The results 
of the patients are represented individually (patient 1" •; patient 2 о О; patient 
3 • D and patient 4 * * ). 
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Mean arterial blood pressure and heart rate 
The mean arterial blood pressure in the normal individuals was 91 ± 3 mm Hg and 
did not change significandy during the experiment. During cooling the heart rate 
remained unchanged (66 ± 7 bpm) in normal individuals, whereas heating induced a 
rise in heart rate up to 89 ± 10 bpm. 
At the start of cooling the mean arterial pressure in the patients (89 ± 8 mm Hg) 
was similar to that in the controls, but the basal heart rate was lower (48 ± 4 bpm, ρ 
< 0.05). Cooling induced no substantial changes of mean arterial pressure or heart rate 
in the patients. Rewarming provoked a fall in mean arterial pressure (from 107 to 79 
mm Hg) in patient 3, but not in the other patients. Heating induced a marked rise in 
heart rate (up to 103 ± 18 bpm) in all four patients. 
Shivering and sweat secretion 
Close visual observation revealed that all normals showed a marked shivering 
response to cooling; during heat exposure abundant sweating was observed, starting 
about 2 h after the beginning of rewarming. 
Cooling did not elicit any visible shivering despite piloerection in three patients; 
normal shivering was observed only in patient 1. N o patient showed any visible swea­
ting response during heat challenge. 
Basal metabolic rate 
The basal metabolic rate during steady hypothermia (T
r
 33.4 ± 1.0°C) and 
normothermia (T
r
 37.1 ± 0.4°C) in the patients is depicted in Fig. 4. During hypo­
thermia the basal metabolic rate was significandy reduced in comparison with that 
during normothermia (3.31 ± 0.13 vs 3.86 ± 0.39 kj/min, ρ < 0.05). Compared to 
the expected values during normothermia from standard tables, the basal metabolic rate 
during hypothermia was 71, 82, 77 and 79% in patients 1 to 4, respectively; the con­
current values during normothermia were 92, 97, 84, and 85%, respectively. The con­
comitant Q 1 0 values for the basal metabolic rate were 1.9 and 2.3 in patients 1 and 2, 
respectively, but were markedly lower in patients 3 and 4 (1.3 and 1.2, respectively). 
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DISCUSSION 
The principal effector mechanisms which maintain homeothermia in man are peri-
pheral vasoconstriction and vasodilatation, sweating and modulation of heat produc-
tion The present study reveals that the thermoregulatory defences against both cold 
and heat stress were seriously inadequate in our patients with poikilothermia, as de-
monstrated by large fluctuations in rectal temperature (4.0 - 6 1 °C) dunng cold stress 
and subsequent heat challenge. 
The basal metabolic rate was markedly attenuated in all patients dunng steady state 
hypothermia. The increase in basal metabolic rate in patients 1 and 2 after induction 
of normothermia was comparable with that in the patient described by Hockaday18 as 
well as with the expenence that endogenous heat production is decreased by 50% at a 
core temperature of 28°C."':> However, steady normothermia for 4 days failed to pro-
duce a return to normal basal metabolic rate in patients 3 and 4, although they were 
euthyroid at the time of the study 
The occurrence of afterdrop of rectal temperature dunng hypothermia in all patients 
despite only mild cold stress is of interest The mechanism of afterdrop remains con-
troversial Studies of afterdrop dunng actual hypothermia in human subjects are pivotal 
to the understanding of its pathophysiology, however, due to obvious ethical con-
straints, the vast majonty of studies in man have been performed at core temperatures 
above the range of hypothermia, with the exception of the report ofthat of Giesbrecht 
et al7 We report the findings of cooling and rewarrmng in Poikilothermie patients 
dunng spontaneous hypothermia. 
To charactenze both conductive and convective components in the body's heat 
transport dunng cold challenge, circulatory and metabolic factors require particular 
attention Comparable rates of decrease in rectal temperature dunng cooling and 
rewarrmng, as observed in the present study, support the conductive explanation of 
afterdrop." However, dunng cooling the temperature of the cold superficial tissues 
will be transferred rapidly to the deeper layers of the body by the cooled returning 
blood, increasing the rate of cooling by means of convection. This presumably contn-
buted to the fall in core temperature seen in the three patients with inadequate vaso-
constnction dunng cold stress It has been demonstrated previously that subjects with 
increased vasodilatation dunng wann air rewarming have a greater rate of afterdrop ' 
However, since patients 2 to 4 showed marked failure of cold-induced vasoconstne-
tion, this mechanism can have only a minor effect on the marked afterdrop seen in 
these subjects. 
The afterdrop in patient 1 ments special consideration, as it occurred after an increa-
se in rectal temperature dunng the last phase of the cooling; the partial restonng of the 
rectal temperature was presumably caused by marked shivenng in the presence of ade-
quate vasoconstnction. The degree of afterdrop in patient 1 was similar to that in pa-
tients 2 and 4, whereas the normal individuals showed almost no afterdrop Hence, we 
hypothesize that the immediate vasodilatation dunng rewarming in patient 1 (follo-
wing adequate cold-induced vasoconstnction) contnbuted only to a minor extent to 
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the observed afterdrop. 
Bradycardia was seen during hypothermia in all patients, suggesting that decreased 
cardiac output might contribute to the fall in body temperature. However, the normal 
arterial pressure during cooling and rewarming indicates that cardiac output played no 
substantial role. 
An increased amount of subcutaneous fat provides adequate protection against cold 
stress due to improved insulation,9 but causes a larger afterdrop during rewarming.26 
Therefore, the markedly higher body fat content in the patients counteracted a more 
rapid fall in core temperature during cooling, but might facilitate the afterdrop. Howe­
ver, an important contributing factor of the subcutaneous fat layer to the occurrence 
of afterdrop is unlikely since the normal subject with a subcutaneous fat content equal 
to that of the patients, only showed an afterdrop of 0.1 °C. 
The rate of heat production is crucial in the prevention of afterdrop.2,4:>,7'ш'27 Based 
on the reduced metabolic rate during steady hypothernua in all patients and the absen­
ce of shivering in patients 2, 3, and 4, we hypothesize that reduced endogenous heat 
production, and thereby severely impaired capacity to counterbalance cold load, is a 
major explanation for the decline in rectal temperature during cooling as well as the 
afterdrop in our patients with poikilothermia. This hypothesis is supported by the 
absence of shivering in the only afterdrop that has been reported previously in a 
Poikilothermie patient.20 The shivering-induced recovery of rectal temperature in 
patient 1 during cooling, and the cessation of shivering as soon as rewarming had star­
ted provides further evidence for a major contribution of decreased heat production to 
the occurrence of afterdrop in our patients. Besides being at risk for accidental 
hypothermia, patients with poikilothermia are therefore also more susceptible to cardi­
ovascular complications of rewarming after cold stress. 
The observed disturbances of peripheral vasoconstriction and shivering in response 
to cooling in patients 2, 3, and 4, agree with findings reported previously in patients 
with poikilothermia.17"21 Failure of vasoconstrictor control is especially hable to cause 
hypothermia because this is the main mechanism controlling blood flow through the 
extremities, which are normally the least well insulated parts of the body.28 It is pos­
sible, therefore, that the severely disturbed vasoconstriction of the extremities that co­
exists with an absence of shivering response despite hypothermia, contributes to a con­
siderable extent to the existence of (nearly) chronic hypothermia in these patients. The 
adequate peripheral vasoconstriction and shivering seen during cooling in patient 1 
indicated normal functional activity of the sympathetic system despite hypothermia; the 
basal hypothermia in this patient could be due to lowering of the threshold value for 
shivering and vasoconstriction, as observed in cold adaptation.29 
Our present findings difFer in certain respects from our previously reported 
observations in the same patients during separate cold and heat stress (following rest at 
thermoneutrality) at higher basal core temperature.21 The present results reveal a sustai­
ned reduction in core temperature and severely disturbed vasoconstriction during coo­
ling in three patients, whereas previously cold stress induced smaller changes in core 
temperature, and less disturbed vasoreactivity. Patient 1 exhibited adequate vasocon-
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striction in both studies; she was the only patient in whom a shivering response was 
observed during hypothermia, whereas previously none of the patients showed shive-
ring. We hypothesize that in patients with poikilothermia the capacity of thermoregu-
latory mechanisms to withstand cold stress partly depends on the level of the actual 
core temperature. These findings emphasize the fact that caution is required when 
extrapolating results of thermoregulatory studies to different core temperatures. In 
contrast to the normal subjects, heating failed to induce clinically visible sweating in 
any patient; despite obviously supranormal core and skin temperatures, some evapora-
tion of sweat may have occurred. Our findings of impaired sweating capacity agree 
with data from the literature.15"1719,20 The absence of clinically visible sweating in our 
patients is to some extent in contrast with previously reported findings of severely atte-
nuated but visible sweating in three of our patients;21 this apparent discrepancy is pro-
bably due to the higher heat load (40°C, 50% relative humidity) in the previous study. 
Due to technical limitations, in the present study the sweating response was established 
only by clinical observation. However, the rate of increase in core temperature during 
heat stress (with concomitandy high skin temperature) indicated that the evaporative 
heat dissipating capacity was markedly attenuated in the patients, which makes them 
at serious risk for heat-induced illness. 
The present study has some limitations, pardy because at times scientific accuracy 
was limited by ethical constraints. First, patients and controls differed markedly in body 
fat content as well as in core temperature. Second, the duration of thermal stress in the 
patients had to be modified individually in order to establish the nature and extent of 
the thermoregulatory disorders. Third, due to technical limitations, the increase of 
ambient temperature during rewarming took considerable time, and no baseline values 
could be obtained at thermoneutrality (before cooling); therefore, the observed values 
had to be compared with those recorded at thermoneutrality, as described previously.21 
Shivering and sweating were established by close visual observation, thereby not 
excluding increased muscular tone in response to cold, and some thermal sweating 
during heat challenge. Patients 1, 2, and 3 received various drugs; however, at the 
doses given these were most unlikely to have affected their thermoregulatory respon-
ses. For practical purposes the rectal temperature was chosen as site of measurement of 
core temperature; although this might have influenced the magnitude and rate of 
change in core temperature, it cannot explain the observed differences between 
patients and normal individuals. 
The present study reports the effect of cooling and subsequent rewarming on after-
drop of core temperature during spontaneous hypothermia in patients with 
poikilothermia. The occurrence of afterdrop during mild hypothermia can be explai-
ned to a major extent by the conductive heat transfer theory, including reduced endo-
genous heat production; a contributing role of the convective component to the oc-
currence of afterdrop in this regard is likely to be of minor importance. We emphasize 
that patients with poikilothermia are at markedly increased risk for hypothermia and 
afterdrop, as well as for heat-related illness. Once the diagnosis poikilothermia has been 
recognized, it will be possible by adequate support and proper monitoring of the core 
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temperature to improve the thermoregulatory behaviour and concomitantly both men-
tal and physical function, as well as to prevent the serious sequelae of hypo- and hyper-
thermia.13- 15·21·30 
A C K N O W L E D G E M E N T S 
The authors are indebted to Ms. Joeke Reyenga, clinical research nurse, for provi-
ding invaluable assistance with the experiments, and to Mr. H.A. Ross, Ph.D., for 
statistical assistance. We wish to express our gratitude to Professor Eduard Schönbaum, 
Ph.D., for critically reviewing the manuscript. 
88 Chapter II 
R E F E R E N C E S 
1. Burton AC, Edholm OG. Man in a Cold Environment. London: Arnold, 1955. 
2. Hayward JS, Eckerson JD, Kemna D. Thermal and cardiovascular changes during three 
methods of resuscitation from mild hypothermia Resuscitation 1984; 11: 21-33 
3. Golden FStC, Hervey GR. The mechanism of the 'afterdrop' following immersion hypo­
thermia m pigs. J Physiol Lond 1977; 272: 26-27. 
4. Savard GK, Cooper KE, Veale WL, Malkinson TJ. Peripheral blood flow during rewar-
ming from mild hypothermia in humans. J Appi Physiol 1985; 58: 4-13. 
5. Webb P. Afterdrop of body temperature during rewarming: an alternative explanation. J 
Appi Physiol 1986, 60: 385-390. 
6. Collins KJ, Easton JC, Exton-Smith AN. Body temperature afterdrop a physical or physi­
ological phenomenon? J Physiol Lond 1982, 328. 72. 
7. Giesbrecht GG, Bnstow GK, U m A, Ready AE, Jones RA. Effectiveness of three field 
treatments for induced mild (33.0 °C) hypothermia. J Appi Physiol 1987, 63: 2375-2379 
8. Hoskin RW, Mehnyshyn MJ, Romet TT, Goode R C Bath rewarming from immersion 
hypothermia. J Appi Physiol 1986; 61: 1518-1522. 
9. Mitdeman KD, Mekjavic IB. Effect of occluded venous return on core temperature during 
cold water immersion J Appi Physiol 1988, 65· 2709-2713. 
10. Neufer PD, Young AJ, Sawka M N , Muza SR. Influence of skeletal muscle glycogen on 
passive rewarming after hypothermia. J Appi Physiol 1988; 65· 805-810. 
11. Romet T T Mechanism of afterdrop after cold water immersion. J Appi Physiol 1988; 65: 
1535-1538. 
12. Hensel H. Neural processes in thermoregulation. Physiol Rev 1973, 53: 948-1017 
13. Plum F. Autonomic disorders and their management. In: Cecil Textbook of Medicine. 
Wyngaarden JB, Smith LH Jr, eds. 18th edition. Philadelphia. WB Saunders Company, 
1988, pp. 2103-2109. 
14. Allen J, Boyd K, Hawkins SA, Hadden D R . Poikilothermia in a 68-year-old female. A 
nsk factor for accidental hypothermia, or hyperthermia. QJ Med 1989; 70: 103-112. 
15. Bannister R G . The classification and causes of heat illness. D.M Thesis, University of Oxford, 
1963. 
16. Cross KW, GustavsonJ, Hill JR, Robinson D C . Thermoregulation in an anencephalic 
infant as inferred from its metabolic rate under hypothermic and normal conditions. Clin 
Sa 1966;31:449-460. 
17. Griffiths AP, Henderson M, Penn N D , Tindall H. Hematological, neurological and psy­
chiatric complications of chrome hypothermia following surgery for craniopharyngioma. 
Postgrad Med J 1988; 64. 617-620. 
18. Hockaday TDR, Cranston WI, Cooper KE, Mottram R F . Temperature regulation m 
chrome hypothermia. Lancet 1962; п. 428-432. 
19. Kahn EA. Postoperative loss of temperature control - poikilothermia. J Neurosurg 1958; 15. 
329-337. 
20. Lipton JM, Payne H, Garza H R , Rosenberg R N . Thermolabihty in Wernicke's ence­
phalopathy. Arch Neurol 1978; 35: 750-753. 
21. MacKenzie MA, Hermus ARMM, Wollersheim H C H , et al. Poikilothermia in man: pa­
thophysiology and clinical implications. Medicine (Baltimore) 1991; 70- 257-268. 
Afterdrop in human poikilothermia 89 
22. Dumin JVGA, Womersley J. Body fat assessed from total body density and its estimation 
from skinfold thickness: measurements on 481 men and women aged from 16 to 72 years. 
BrJNutr 1974; 32: 77-97. 
23. Low PA, Neumann C, Dijck PJ, Fealy R D , Tuck R R . Evaluation of skin vasomotor 
reflexes by using laser Doppler velocimetry. Mayo Clin Proc 1983; 48: 583-592. 
24. Wissenschaftliche Tabellen Geigy, Teilband Körperflüssigkeiten. 8. Auflage. Basel 1977: 226. 
25. Blair E. Clinical hypothermia. New York: McGraw-Hill Book Company, 1964. 
26. Behnke AR, Yaglou CP. Physiological responses of men to chilling in ice water and to 
slow and fast rewarming. J Appi Physiol 1951; 3: 591-602. 
27. Lloyd EL. Hypothermia and Cold Stress. London: Croom Helm, 1986, pp. 55-74. 
28. Fox RH, Davies TW, Marsh FP, Urich H. Hypothermia in a young man with an anterior 
hypothalamic lesion. Lancet 1970; ii: 185-188. 
29. Brück К. Long-term and short-term adaptive phenomena in temperature regulation. In: 
Thermoreception and Temperature Regulation. Bligh J, Voigt К, eds, Berlin: Springer, 1990, 
pp. 211-223. 
30. Reuier JB. Hypothermia: pathophysiology, clinical settings and management. Ann Intern 
Med 1978; 89: 519-527. 

CHAPTER ΠΙ 
POIKILOTHERMIA IN MAN: 
PATHOPHYSIOLOGY A N D CLINICAL IMPLICATIONS 
M.A. MacKenzie, A.R.M.M. Hermus, H.C.H. Wollersheim, G.F.F.M. 
Pieters, A.G.H. Smals, R.A. Binkhorst, Th. Thien, P.W.C. Kloppenborg 
Medicine (Baltimore) 1991; 70: 257-268 

Pathophysiology and implications ofj>qiktlothermia 93 
S U M M A R Y 
Poikilothermia, the inability to maintain a constant core temperature independent 
of ambient temperature, markedly influences both the mental and physical function of 
affected patients, furthermore, prolonged hypothermia can induce numerous compli-
cations. To establish the pathophysiology of thermoregulation underlying poikilother-
mia in man, we compared 4 women with acquired poikilothermia, with 9 female 
control subjects. The activity of the main thermoregulatory effector mechanisms was 
assessed in a thermoneutral environment, and during subsequent cold stress and heat 
exposure. 
At thermoneutrahty the patients had a sigmficandy lower rectal temperature and 
resting metabolic rate compared with the controls; no patient showed peripheral vaso-
constriction or shivering. Cooling revealed markedly reduced peripheral vasoconstric-
tion in 3 patients and failure of the metabolic response in 2 patients; unlike controls, 
no patient exhibited shivering. Heat challenge revealed severely reduced capacity for 
heat dissipation in all patients. 
We conclude that in patients with poikilothermia, the mechanisms for both heat 
conservation and heat dissipation are seriously attenuated. Careful monitoring of the 
core temperature and adequate measures to maintain normothermia are of great impor-
tance in patients with poikilothermia in order to provide adequate treatment, improve 
the quality of life, and prevent serious complications. 
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INTRODUCTION 
Homeothermia in man is achieved by a complex interaction of the various systems 
involved in autonomic thermoregulation, including the nervous, endocrine, and 
cardiovascular systems The preopüc-antenor hypothalamic region integrates numerous 
afferent stimuli After processing of the thermal signals in the posterior hypothalamus, 
thermoregulatory effector mechanisms mediate the autonomie nervous system ' The 
paramount importance of the hypothalamus in the control of homeothermia is 
emphasized by the occurrence of hypo-, hyper- or poikilothermia in animals with 
hypothalamic lesions2 3 
Poikilothermia is fluctuation in core temperature of more than 2°C due to changes 
in ambient temperature 4 It has been claimed that poikilothermia is the most common 
abnormality of heat regulation in man,4 however, this disorder has been reported only 
incidendy, both in neonates,5 7 and in adults 817 In view of the scarce thermoregulatory 
studies performed in patients with poikilothermia,89121416 it is not surprising that 
currendy little is known about the pathophysiology and clinical implications of poiki-
lothermia m man To assess which effector mechanisms are affected in poikilothermia, 
we conducted a quantitative study of the thermoregulatory defense mechanisms against 
both cold and heat stress in 4 young women with this disorder We have previously 
demonstrated that our patients meet the definition of poikilothermia cooling and 
subsequent heating provoked fluctuations in rectal temperature of 4 0 to 6 1 °C 18 Stu-
dy of steady state hypo- and hyperthermia in Poikilothermie patients contnbutes to a 
better understanding of the pathophysiology of human thermoregulation, as knowled-
ge of the pathophysiology of body temperature regulation is based mainly on studies 
in experimental animals and on clinical observations during induced and accidental 
hypo- and hyperthermia in man 
METHODS 
The physical charactenstics of the patients and 9 healthy female control subjects, 
matched for age, height, and weight, are listed in Table I To reduce possible effects of 
the menstrual cycle on thermoregulatory responses, all volunteers and non-amen-
orrheic patients (Cases 1 and 4) were studied during the follicular phase (days 5 -11 ) 
The controls used no medication, the medications taken by the patients will be descri-
bed below No subject had a history of peripheral vascular disease, all participants were 
unacchmatized to cold or heat The control subjects were asked to abstain from smo-
king for at least 24 hours and from alcohol, caffeine, and milk products for at least 16 
hours preceding the investigation The patients were admitted to the hospital at least 
3 days before the experiment was performed The rectal temperature (Tr) of the pa-
tients was maintained at a level equal to the mean rectal temperature in the weeks 
preceding the study Informed consent was obtained from each participant, experimen-
tal procedures were approved by the Local Ethical Committee 
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Experimental procedures 
Thermoregulatory responses to sudden cold stress and heat exposure were assessed 
on 2 different days. The participants reported to the climatic chambers at 13.00 h, 1 
hour after a light meal, and entered the thermoneutral chamber (ambient temperature 
[TJ 29°C, 50% relative humidity [rh]). With the subject dressed in a 2-piece swimsuit, 
body weight was recorded on a precision balance (accuracy ± 5 g). Body fat percen­
tage was estimated by measuring skinfold thickness at 4 sites (biceps, triceps, subsca­
pular and suprailiac) using calipers.19 Thereafter the subject lay down on a comfortable 
examination table; equipment to record the thermoregulation (vide infra) was applied 
and an indwelling intravenous catheter was inserted. After recording the baseline values 
at thermoneutrality, the subject was transferred to the adjacent climatic chamber and 
exposed in supine position to cold (T
a
 17°C, 50% rh) for 120 min or, alternatively, to 
heat (T, 40°C, 50% rh) for 180 min. Based on previous experience, heating was ter­
minated when the subject had attained a rectal temperature of 38.5°C, to avoid serious 
distress and heat illness. The wind velocity was less than 0.1 m/sec. 
TABLE 1. PHYSICAL CHARACTERISTICS OF SUBJECTS 
Age(yr) 
Sex 
Height (m) 
Weight (kg) 
Body surface tm2) 
Body mass index (kg/m2) 
Body fat (%) * 
Controls 
(n = 9) 
33.9 ± 3.1 
F 
1.72 ±0.07 
68.6 * 7.9 
1.80 ±0.12 
23.3 ± 2.Θ 
30.3 ± 3.5 
1 
2Θ 
F 
1.71 
81.0 
1.94 
27.7 
39.6 
Potkniti 
2 
38 
F 
1.62 
68.1 
1.72 
25.9 
37.5 
3 
34 
F 
1.68 
65.9 
1.74 
23.3 
37.9 
4 
31 
F 
1.66 
70.1 
1.78 
25.4 
35.2 
' ρ < 0.05 (Wilcoxon rank sum test); controls versus patients (# 1 - 4). 
Measurements 
The following data were collected every 10 min, beginning about 45 min after 
entrance into the thermoneutral environment. Rectal temperature (T
r
) was recorded 
using a probe with thermistor (type REC-U-V2), depth of insertion 10 cm; T
r
 excee­
ding 38.0°C was considered as hyperthermia. Finger skin temperature (Tj) was measu­
red on the distal volar surface of the third fingertip of the right hand using a probe 
with thermistor (type EU-U-V2). The input signals of these probes were recorded 
with a Squirrel datalogger (type Grant SQ-1201); the above mentioned equipment was 
obtained from Grant Instruments Limited, Barrington, Cambridge CB2 5QZ, Eng­
land. Skin temperatures were measured with thermistors (YSI series 400, probe num­
ber 409B, Yellow Springs Instruments Co, O H , U.S.A.) from 8 sites: forehead (A), 
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parasternal (B) and paraumbilical (C) region, medial thigh (D), lateral calf (E), lateral 
upper arm (F), ventrolateral forearm (G) and hand palm (H). The mean skin tempe-
rature (Tjiun) was calculated according the equation recommended by Gagge20 (with 
abdomen replacing back): T ^ = 0.07 A + 0.175 (B+C) + 0.07 (F+G) + 0.05 H + 
0.19 D + 0.2 E. Skin blood flow was measured on the distal volar surface of the se-
cond finger by means of laser Doppler flux (LDF, arbitrary units [AU], Periflux PF-ld, 
Perimed KB, Stockholm, Sweden). Local evaporation was measured using a Nilsson 
evaporimeter21 (Evaporimeter Epl, Servo Med AB, Stockholm, Sweden) on forehead 
(a), chest (b), abdomen (c), ventral thigh (d) and ventral forearm (g). Based on the rela-
tive areas of body surface,22 the weighted mean local evaporation rate (Evap,oc) was 
calculated according to the formula Evaploc = 0.1029 a + 0.2574 (b+c) + 0.2794 d + 
0.1029 g. The same formula was applied to calculate the weighted mean local skin 
temperature ( T , ^
 }) at the corresponding sites. The total evaporative heat loss during 
heat stress was determined by continuous registration of changes in total body weight 
on a Potter bed balance (accuracy ± 5 g) during both cold and heat stress. The changes 
in body weight were corrected for intake and output of liquid, and weight loss due to 
exchange of respiratory gases and evaporation in the respiratory tract according to 
Snellen.23 The degree of shivering was estimated by close visual observation by the in-
vestigator. To establish the hormonal responses to thermal stress, at t = - 5 min and at 
the end of the cold and heat stress (t = 120 and 180 min, respectively) venous blood 
samples were taken for measurement of epinephrine (E) and norepinephrine (NE). 
The subjects were allowed to drink limited amounts of tepid water except in the 15 
min preceding determination of the heat production. 
Measurements of the resting metabolic rate (RMR) were performed in duplicate at 
thermoneutrality 20 and 10 min before transfer to the cold/heat; subsequently the 
metabolic rate (MR) was measured every 30 min during cooling and every 60 min 
during heating. The expired air was collected for 7 min with Douglas bags. The gas 
volume was determined with a Tissot spirometer. The 0 2 and C 0 2 were measured by 
means of a paramagnetic oxygen analyzer (Taylor Servomex OA 272, Sybron 
Corporation, Crowborough, Sussex, England) and an infrared analyzer (Capnograph 
MK II, Gould Godait, Bilthoven, The Netherlands), respectively. 
Laboratory methods 
Epinephrine and norepinephrine were determined by a radioenzymatic assay as de-
scribed previously.24,25 
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Statistical analysis 
For comparison of the subject characteristics between patients and volunteers the 
Wilcoxon rank sum test (p) was applied. To analyze the thermoregulatory responses of 
the volunteers the Friedman analysis of variance on ranks with multiple comparisons 
according to Wilcoxon/Wilcox (p*) was applied26 and when appropriate the Wilcoxon 
signed rank test (p**). Comparison of the thermoregulatory response curves (contrasted 
with baseline values) between patients and controls was performed according to Koziol 
(Ркоаоі)·27 F ° r 3Ü procedures Ρ values less than or equal to 0.05 were considered statis­
tically significant. Patients are reported individually and controls are reported as mean 
± S D . 
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CASE REPORTS 
The most important features of the patients are summarized in Table 2. 
TABLE 2. SUMMARY OF PATIENT CHARACTERISTICS 
Patient (age in yr) 1(29) 2(38) 3(34) 4(31) 
Initial diagnosis 
Duration of thermo-
lability (yr) 
Tumor near corpus Unknown (CT- and 
callosum (treated MRI scanning of 
by surgery and RT) cerebrum normal) 
Usual range of T,(°C) 34.5-40.0 
Signs and symptoms 
Hypothermia l Mentation 
lethargy, fatigue 
inactivity, slurred 
speech 
31.4-35.2 
l Mentation 
l consciousness 
lethargy, amnesia 
epilepsy, ataxia, 
slurred speech 
Panhypopituitarism 
(MRI scanning empty 
sella) 
32.B - 37.0 
I Mentation 
disorientation, 
confusion, amnesia, 
drowsiness, fatigue 
Traumatic 
cerebral con­
tusion with bi­
lateral thala­
mic lesions 
15 
30 9 - 37.0 
ι Mentation 
apathy, lethargy 
epilepsy, slurred 
speech, stum­
bling gait, unres­
ponsiveness to 
conversation 
Hyperthermia Drowsiness 
restlessness 
no sweat secretion 
Drowsiness 
no sweat secretion 
ι Mentation 
no sweat secretion 
Drowsiness 
no sweat secretion 
Abbreviations: RT (radiotherapy); T, (rectal temperature). 
T, < 35°C was considered as hypothermia and Tr > З °С as hyperthermia. 
Case 1 
This patient was a 29-year-old woman who underwent computerized tomography 
(CT) of the cerebrum in 1983. The scan revealed a large ( 6 x 6 x 3 cm) tumor near the 
corpus callosum, with bilateral extension into the suprasellar cisterns. Pathologically, no 
distinction could be made between neuroblastoma, dysgerminoma, or atypical pineo-
blastoma of the poorly differentiated tumor. In the months preceding diagnosis, she 
experienced deterioration of higher cerebral functions, lethargy, fatigue, and symptoms 
of elevated intracranial pressure; her rectal temperature was also lowered (34.8 -
36.8°C). After partial surgical removal of the tumor and radiotherapy in 1983, no signs 
of tumor recurrence have been found to date. 
Postoperatively she showed various neurologic disturbances, including frontal lobe 
syndrome and epilepsy, and disorders of hypothalamic function, i.e., impaired thirst 
perception, partial diabetes insipidus, hyperprolactinemia, and increased appetite. Thy-
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roid, adrenal, and ovarian functions were clinically and biochemically normal. Her 
core temperature showed marked variations, ranging from 34.5 to 40.0°C, and depen­
ded largely on ambient temperature, degree of physical activity, and use of an electric 
blanket. Hypothermia induced deterioration of cerebral mentation, lethargy, slurred 
speech, and reduction of physical activity, whereas hyperthermia elicited drowsiness 
and resdessness. Neither shivering nor sweating had been observed since 1983. 
At the time of the investigation she was treated with bromocriptine 3.75 mg/day, 
L-thyroxin 200 μg/day, desmopressin 0.05 mg/day and phenytoin 175 mg/day. 
Case 2 
The patient was a previously healthy 38-year-old woman who showed marked 
changes of personality following a spontaneous abortion with minor blood loss in 
1980. After a generalized epileptic seizure in 1982 she was admitted to the hospital 
with a rectal temperature of 32.8°C. On physical examination she was lethargic and 
bradyphrenic, with impaired memory and disturbed gait. No signs of alcohol abuse 
could be demonstrated. Laboratory findings were: erythrocyte sedimentation rate of 85 
mm/hour; slight pancytopenia; cholesterol 10.4 mmol/L; triglycerides 4.4 mmol/L; 
slighdy elevated liver function tests (alkaline phosphatase, serum aspartate aminotransfe­
rase, and alanine aminotransferase) and normal vitamin B, levels. Bone marrow hy­
poplasia was found on repeat tests. Computerized tomography and magnetic resonance 
imaging (MRI) of the cerebrum revealed no evidence of hypothalamic or pituitary le­
sions. Serologic studies were normal. Endocrinologie investigations revealed secondary 
amenorrhea with elevated gonadotrophins, and slighdy elevated plasma thyrotropin 
(TSH), along with normal T3 and T4. Autoantibodies to thyroid, adrenal, and ovarian 
tissue could not be demonstrated. 
The patient was admitted many times after 1982 for epileptic seizures and severely 
clouded consciousness with marked hypothermia, retrograde amnesia, lethargy, slurred 
speech, vertigo, and ataxia. She was nearly chronically hypothermic (31.4 - 35.2°C); 
her core temperature depended largely on the ambient temperature, and her mental 
and physical function were largely governed by her core temperature. Despite an intact 
thermal sensation, she was unable to sweat or shiver. Treatment with liothyronine 
sodium resulted in a fall of the previously elevated TSH, cholesterol, and body weight 
without influencing core temperature. At the time of the study she used liothyronine 
sodium 50 μg/day, ethosuximide 250 mg 3 times a day, and sodium valproate 500 mg 
3 times a day. 
Case 3 
A 34-year-old woman, known to have secondary amenorrhea and hyperprolactine-
mia, presented in February 1981, with hypothermia, inertia and dizziness; laboratory 
tests showed anemia and secondary hypothyroidism. In January 1982, she was referred 
to the hospital because of constant fatigue, coldness, and impaired mentation. 
Computerized tomographic scans of the cerebrum showed no pathologic or radiogra­
phic abnormality of the hypothalamic-pituitary region, but an MRI scan in February 
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1990 revealed an empty sella. No serologic abnormalities were found. Her rectal 
temperature was 33 to 34°C and was unresponsive to treatment with L-thyroxine. She 
was admitted 3 times after 1982 with erysipelas accompanied by fever (й 39.2°C) and 
severely clouded consciousness. Laboratory findings demonstrated anemia, cholesterol 
8.1 mmol/L, and slightly elevated liver function tests. Further clinical investigations 
revealed panhypopituitarism, severe bone marrow aplasia, and increased intrahepatic 
glycogen storage. 
Her rectal temperature ranged from 32.8 to 37.0°C, depending on the ambient 
temperature. Clinically and biochemically adequate hormonal replacement therapy did 
not restore core temperature. Since 1982 she has never sweated, and she shivered only 
when she was febrile. A fall in core temperature induced disorientation, confusion, 
amnesia, and drowsiness. Since 1985, she had had three serious traffic accidents due to 
inattentiveness and impaired judgement. Except for using an electric blanket, her beha­
vior has been inadequate to regulate her temperature. 
At the time of the study she was taking L-thyroxine 100 μξ/άζγ, cortisone acetate 
37.5 mg/day, desmopressin 0.0125 mg/day, calcium gluconate 1000 mg/day, and 
estradiol valerate 1 mg/day; penicillin prophylaxis was given monthly. 
Case 4 
This patient was a 31-year-old woman, who experienced extensive cerebral damage 
in a traffic accident in 1974, at the age of 16. Post-traumatic encephalopathy included 
variable clouding of consciousness, pronounced lethargy, decreased mentation, and 
emotional regression with severe changes in mood and behavior. A computerized 
tomographic scan of the cerebrum in 1978 showed marked central atrophy of the he­
mispheres, including bilateral thalamic lesions. 
Six months after the accident in 1974, hypothermia was noted (rectal temperature 
34°C). In the following years her rectal temperature varied from 31.7 to 36.0°C, 
depending on ambient temperature, physical activity and use of an electric blanket. 
During a common cold, her rectal temperature rose to 39 °C. She was hospitalized 
repeatedly for epileptic seizures and severe clouding of consciousness, with core 
temperatures as low as 30.9CC. Decline in her core temperature was accompanied by 
impaired higher cerebral functions, lethargy, apathy, slurred speech, a stumbling gait, 
and unresponsiveness to conversation. Hypothermia failed to induce shivering, and 
sweating was not observed with hyperthermia. 
Laboratory findings demonstrated anemia, cholesterol 7.4 mmol/L, prolonged blee­
ding time (> 20 min.), and platelet count 138 χ I O V L . Endocrinologie evaluation sho­
wed no distinct anomalies except impaired thirst sensation and secondary amenorrhea. 
From 1977 to 1984 she had oligomenorrhea; thereafter, menstruation ceased. Normal 
menstruation resumed in December 1988, along with decreases in follicle-stimulating 
hormone (FSH) to normal levels and rise of core temperature to 36-37 °C. The rise in 
temperature could be attributed to improved control of core temperature. At the time 
of the study she was on a regimen of carbamazepine 200 mg/day. 
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R E S U L T S 
Significant differences in body fat content (p = 0.02; Table 1) were found despite 
similarities in age, weight, and height. All participants completed the experiments 
without severe discomfort; only Patient 2 terminated the heat experiment after 120 
min due to distress and T
r
 exceeding 38.6°C. A summary of the responses to thermal 
stress appears in Table 3. 
TABLE 3. SUMMARY OF THERMAL RESPONSES 
Controls 
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1 
ι 
1 
t 
±/+ 
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4 
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I 
1 
1 
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1 
11 
I I 
=/l 
Thermoneutrality 
T, 
Gradient T, -Tjyn 
Metabolic rate 
Shivering 
Cold stress 
T, 
Vasoconstriction 
Metabolic rate 
Shivering 
Heat stress 
T, 
Evaporation rate 
Abbreviations: T, (rectal temperature); Τ
Λ
„ (mean skin temperature); N (normal), t (increase), ι (decline), = (unchanged), 
+ (present), - (absent) and ± (impaired). 
Thermal responses were determined at thermoneutrality (ambient temperature 29°C), during cold and heat stress (ambient 
temperature 17 and 40°C, respectively). 
Rectal temperature 
Cold stress induced a rise in T
r
 in all control subjects; T
r
 increased from 37.0 + 0.3 
at thermoneutrality to 37.2 ± 0.3°C (p* < 0.01) after 120 min cooling (Fig. 1). Heat 
load raised T
r
 from 36.9 ± 0.2 to 38.0 ± 0.2°C (p* < 0.01) after 180 min (Fig. 2). 
In all patients the T
r
 at thermoneutrality was markedly lower than in the control 
subjects (35.3 ± 0.4 vs 37.0 ± 0.3°C; ρ < 0.001). Only 1 patient (#3) showed a cold-
induced increase in T
r
 (from 35.0 to 35.5°C). At the end of cooling, Τ
 r
 in Patient 1 
was equal to the temperature at thermoneutrality (35.6°C), whereas in Patients 2 and 
4 cold exposure induced a slight decrease in T
r
 (-0.2 and -0.3°C, respectively, Fig. 1). 
In all patients, heat stress provoked a progressive rise in T
r
 to 38.4 - 38.6°С after 180 
min; T
r
 in Patient 2 was 38.7°C after 2 hours of heating (Fig. 2). The difference in 
overall response of T
r
 to cooling did not reach significance between both groups, but 
the response to heating was significantly enhanced in the patients compared with the 
controls (pK o z i o l < 0.05). 
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Mean skin temperature 
In the control subjects T ^ decreased from 33.8 ± 0.4°C at T
a
 29°C to 27.0 ± 
0.8°C after 120 nun cold stress (p* < 0.01; Fig. 1), whereas heating for 180 mm indu­
ced a rise in T
s k i n from 33.8 ± 0.3 to 37.4 ± 0.3°C (p* < 0.01; Fig. 2). 
All patients had at T
a
 29°C a high Τ
Λ ι π
 in proportion to their core temperature, re­
flected by significandy reduced temperature gradients between core and skin in 
companson with the controls (2.23 ± 0.19 vs 3.12 ± 0.36°C, ρ < 0.01) Concerning 
regional differences, the skin temperatures of the extremities were similar m controls 
and patients (33.5 ± 0.7 vs 33.1 ± 0.8°C, ρ = 0.53), whereas the skin temperatures of 
the head and torso were significantly lower in the patients (34.6 ± 0.5 vs 33.4 ± 
0.4°C, ρ < 0 02). Cooling provoked in the patients and in the controls a similar decli­
ne in TAm (Fig. 1). Heating induced m the 4 patients rises in T s k m up to 38.6, 38.6, 
38.2, and 38.3°C, respectively, far exceeding those m the control subjects (Fig. 2). 
The overall response of T
s t j n during cooling differed not significantly between both 
groups, but during heating was sigmficandy greater in the patients than in the controls 
(Ρκοζ,οΐ < 0.05). 
Metabolic rate 
At thermoneutrahty the resting metabolic rate (RMR) in the control subjects was 
79.8 ± 1 1 . 3 (range, 66.9 - 102.0) watt (W) in the first expenment. Cooling induced 
a significant nse in the metabolic rate (MR) (p* < 0.01); the relative increments in M R 
were 15.7 ± 9.0%, 13.4 ± 9.7%, 19.0 ± 15.9% and 20.8 ± 15.0% after 30, 60, 90, and 
120 min, respectively (Fig. 1). Heat exposure provoked in the controls a slight relative 
increase in the M R of 4 5 ± 6.6%, 7.5 ± 5.9% and 8.6 ± 10.3% after 60, 120, and 180 
min, respectively (p = n.s.; Fig. 2). 
At thermoneutrality the mean R M R in the patients was sigmficandy lower compa­
red with controls (p < 0.01); the R M R in Panents 1 to 4 was 57.2 (T
r
 35.55°C), 62.0 
(T
r
 35.80°C), 55.5 (T
r
 34.95°C) and 53.3 (T
r
 35.10°C) W, respectively. 
Contrary to all controls, Patients 1 and 2 showed no sustained cold-induced increa­
se in MR. Cooling raised the M R in Patient 3 by 8.7, 9.6, 116 and 4.7%, and in Pa­
tient 4 by 44.0, 21.9, 27.4, and 27.1% after 30, 60, 90, and 120 nun, respectively (Fig 
1). Unlike the controls, none of the patients exhibited a shivering response to cooling. 
Heat stress induced in all patients a progressive nse in M R (Fig. 2). 
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Figure 1 Rectal temperature, mean skin temperature, metabolic rate, skin blood flow and 
finger skin temperature at thermoneutrality and during cold stress for 120 min in climatic cham­
ber (29/17°C; 50% relative humidity); start of cooling at t = - 2 min. The shaded area repre­
sents the results of the control subjects (mean ± SD); the results of the patients are represented 
individually (patient 1 • •, patient 2 о о, patient 30 D and patient 4 * — * ) . 
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Figure 2 Rectal temperature, mean skin temperature, metabolic rate, evaporative weight loss 
and local evaporation rate at thermoneutrality and during heat exposure for 180 min in climatic 
chamber (29/40°C; 50% relative humidity); start of heating at t = - 2 min. The shaded area 
represents the results of the control subjects (mean ± SD); the results of the patients are repre­
sented individually (patient 1 • •, patient 2 О О, parient 3Q О and patient 4 »—»). 
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Due to moderate discomfort, no reliable estimations of the M R could be obtained at 
the end of the heat challenge in 3 patients. The overall response of the M R to cooling 
and heating did not differ significandy between patients and controls. 
Skin blood flow and finger skin temperature 
At thermoneutrality the laser Doppler flux (LDF) was similar in all participants; 
only in Patient 2 was the LDF elevated. Analogously, T f was comparable in all subjects 
(Fig· 1)· 
Cooling induced in all control subjects an immediate vasoconstriction (LDF from 
32.6 ± 13.1 AU at T
a
 29°C to 3.9 ± 2.2 [t=0 min] and 3.4 ± 1.8 AU [t=120 min, ρ* 
< 0.01]) and fäll in T f (from 34.5 ± 1.7 to 29.4 ± 2.0 [t=0 min] and 18.1 ± 1.0°C 
[t=120 min]; ρ* < 0.01; Fig. 1). The LDF during heating remained virtually unchan­
ged (from 38.3 ± 8.6 to 40.3 ± 7.3 AU [t = 180 min] with a maximum of 47.9 ± 12.3 
AU [t=30 min]; ρ* = η.s., data not shown). 
Cooling induced adequate peripheral vasoconstriction and concurrendy decreasing 
T f in only one patient (Case 1). In the other 3 patients the response of the skin blood 
flow to cooling was markedly reduced and delayed. The LDF in Patients 2, 3, and 4 
was 12, 19, and 18 AU at t=0 min and 7, 8, and 10 AU at t=120 min; the correspon­
ding T f were 31.4, 30.1, and 30.9°C and 25.0, 21.8, and 22.5°C, respectively (Fig. 1). 
Unlike the changes in LDF, the overall response to cold of T f was significantly less in 
the patients than in the controls (pKozioi < 0.05). 
In Patients 1 through 4, heat stress induced the following changes in LDF: 23 - 37, 
39 - 67 (t=120 min), 41 - 39 and 27 - 51 AU (baseline vs t=180 min). 
Sweat secretion 
Evaporative weight loss: In the control subjects heating induced an evaporative weight 
loss at a rate of 2.5 ± 0.4 g/min; the cumulative body weight loss was 407.0 ± 60.7 
(range, 312-530) g (Fig. 2). 
The patients and the controls showed a similar loss in body weight during cooling 
(15.2 ± 8.2 and 13.1 ± 12.3 g, respectively; ρ = 0.70). In the first period of heating 
the patients showed no evaporative weight loss; after 3 hours the cumulative weight 
loss in Patients 1, 3, and 4 was 18, 162, and 49 g, respectively. Patient 2 exhibited eva­
porative weight reduction of 26 g after 120 min (Fig. 2). After T
r
 exceeded 37.0°C, 
the evaporative weight loss in the Patients 1 through 4 was 16, 24, 157, and 40 g, 
respectively, with the corresponding mean rates of weight reduction of 0.2, 0.3, 1.4, 
and 0.6 g/min. The overall weight loss was significantly less in patients than in controls 
(pKozic < 0.05). 
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TABLE 4. PLASMA CATECHOLAMINES AND THERMAL STRESS 
COLD STRESS 
Control subjects 
range 
Patient 1 
Patient 2 
Patient 3 
Patient 4 
HEAT STRESS 
Control subjects 
range 
Patient 1 
Patient 2 
Patient 3 
Patient 4 
Epinephrine 
Basal 
0.11±0.04 
0.06-0.17 
0.08 
0.07 
0.06 
0.06 
Epinephrine 
Basal 
0.12±0.04 
0.07-0.18 
0.11 
0.08 
0.08 
0.04 
Cold 
0.09±0.05 
0.05-0.21 
0.05 
0.05 
0.09 
0.06 
Heat 
0.20±0.10" 
0.10-0.39 
0.16 
0.20 
0.10 
0.12 
Norepinephrine 
Basal 
1.22±0.27 
0.75-1.72 
0.23 
0.92 
1.30 
3.06 
Norepinephrine 
Basal 
1.09±0.28 
0.79-1.79 
0.23 
1.30 
1.08 
2.96 
Cold 
3.07±1.06 
1.62-5.10 
0.50 
1.18 
2.96 
3.81 
Heat 
1.42±0.41 
0.60-1.85 
0.43 
3.13 
1.16 
1.99 
* ρ < 0.05, " ρ < 0.01 (basal versus cold and heat stress, respectively). 
Plasma epinephrine (nmol/L) and norepinephrine (nrnol/Ц at thermoneutrality (basal) and at the end of, respectively, cold 
stress (upper table) and heat exposure (lower table). 
The responses of the control subjects (mean ± SD) were analyzed using the Wilcoxon signed rank test. 
Local evaporation rate: In all control subjects heating elicited an immediate sweating res­
ponse, beginning on the forehead and upper thorax. T h e Е а р ^ increased from 9.6 
± 2.5 g / m 2 h at thermoneutrality to 41.0 ± 13.4 ( t=0 min) and finally 103.5 ± 6.4 
g / m 2 h (p* < 0.01 from t = 4 0 to 180 min; Fig. 2). T h e corresponding values of the 
T
sk¡„(cv4>) w e r e 3 4 · 3 ± °-4> 3 6 · 3 ± °-2> a n d 3 7 · 2 ± 0.4°C, respectively (data not shown 
in Fig. 2). 
In patients the sweating response to heating was markedly delayed and redu-
ced (Fig. 2). In Patient 1 no rise in evaporation was recorded during the entire heat 
stress despite Tr, Tjkin, and Tskin(evap) exceeding 38.5 е С after 3 h. In Patient 2 sweating 
started after 60 min and was limited to the forehead and sternum; at the onset of swea­
ting her T
r
 was 37.5°C, and both Τ
 Л і п
 and T
s k i n ( e v a p ) were 37.7°C. The sweating in 
Patient 3 commenced after 60 min heat load at T
r
 37.1, Т
Аіп
 37.1, and T
s k i n ( c v a p ) 
37.0°C; Patient 4 exhibited no sweat secretion until after 130 min of heating (T
r 
37.6°C, T
s k i n, and T s k i n ( e v i p ) 37.8°C). The overall response in evaporation was signifi-
candy reduced in the patients, as compared to controls (pKozioj < 0.05). 
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Plasma catecholamines 
The responses of the catecholamines to thermal stress are shown in Table 4. 
In the control subjects cooling hardly changed epinephrine (E), but significandy raised 
norepinephrine (NE) (ρ** < 0.01). Heating provoked a significant rise in both Ε (ρ 
< 0.01) and NE (ρ** < 0.05). 
Preceding cold stress, E tended to be lower in the patients than in the controls (0.07 
± 0.01 vs 0.11 ± 0.04 nmol/L, p=0.05); NE in the patients varied from very low 
(Case 1) to clearly supranormal (Case 4). In the patients, E remained virtually unchan­
ged during cooling, but markedly increased in Patient 1, 2, and 4 during heat stress. 
Only Patient 3 exhibited a normal cold-induced rise in NE; despite adequate response 
in terms of percentage, in Patient 1 NE remained clearly subnormal. Heating provoked 
a distinct rise in NE in Patient 2, but a decrease in NE in Patient 4. 
108 Chapter III 
DISCUSSION 
Maintenance of homeothermia in man is principally achieved by 3 effector mecha-
nisms, namely, vasomotor adjustment, sweating, and modulation of heat production, 
and by behavioral thermoregulation. A distinction should be made between the 
mechanisms for heat conservation and heat dissipation in considering the pathophysio-
logy of thermoregulation underlying poikilothermia in man. 
In all our patients a failure of the heat-conserving mechanisms (peripheral vasocon-
striction and rise in heat production) to normalize the core temperature was demon-
strated in the thermoneutral environment. Notwithstanding the lowered core tempera-
ture in the patients at thermoneutrality, both cutaneous blood flow and skin tem-
perature of the extremities were similar to those in the controls. Concomitandy, the 
temperature gradient between core and skin was markedly lower in all patients than in 
the controls, reflecting attenuated heat conservation in the former group. The 
cardiovascular system contributes to a considerable extent to the heat exchange be-
tween the human body and its environment by controlling the skin blood flow and 
cutaneous venous volume.28 In this respect, the hands play a particularly important role 
despite their limited surface area.29 Cooling revealed a disorder of the peripheral vaso-
constrictor response in 3 patients, who had concomitantly higher skin temperature of 
the finger and palm. These results agree with the disturbed peripheral vasomotor ad-
justment that has been reported previously in human poikilothermia.9·12·14"16 As distur-
bed vasoconstriction is especially hable to contribute to the occurrence of hypothermia 
in thermolabile patients,30 we consider vasoconstrictive failure pivotal to the occurren-
ce of hypothermia in 3 patients. 
The resting metabolic rate and the rectal temperature at thermoneutrality were 
markedly lower in all patients. A thick layer of subcutaneous fat insulates the body 
against thermal stress;31 our patients' increased body fat, which was probable a result of 
their lower metabolic rate, might be beneficial in counterbalancing their reduced heat-
conserving capacity. Only 2 patients (#3 and 4) showed a sustained rise in metabolic 
rate induced by cold, which provoked in Patient 3 a rise in core temperature of 0.5°C. 
In the absence of a clinically observable shivering response, the metabolic response 
to cooling is merely mediated by nonshivering thermogenesis. It has been demonstra-
ted that catecholamines increase the metabolic rate in the absence of shivering.32 
Nowadays, the sympathetic nervous system is generally recognized to be the primary 
regulator of adaptive changes in the chemical thermogenesis, with norepinephrine as 
the principal mediator.33 It is likely that in Patient 1 the markedly decreased NE 
contributes substantially to the depressed metabolic rate and lower core temperature. 
In contrast, Patient 4 exhibited increased NE at thermoneutrality and a fall in NE at 
hyperthermia. In this patient, lowering of the core temperature might have induced 
counteractivity of the sympathetic nervous system. Only Patient 3 exhibited a normal 
response of the catecholamines to cooling. 
Besides being at risk for both accidental and chronic hypothermia, patients with 
poikilothermia are at risk for serious heat illness in a hot environment, especially when 
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performing physical activity. Since heating provoked rectal temperatures at rest up to 
38.7°C in our patients, we consider them prone to serious hyperthermia. During hea-
ting, the vasodilatation in the finger was similar in Patients 1, 3, and 4, and in the con-
trols, and markedly increased in Patient 2. Because of distinct reddening of the entire 
skin during heating, we presumed that generalized peripheral vasodilatation occurred 
in all patients. The heat-induced rise in metabolic rate was similar in both groups. 
Although impaired sweating has been reported previously in subjects with 
poikilothermia,6·9'1214"16 assessment of the heat dissipating capacity in such patients has 
received little attention. In the climatic conditions in the present study, the only means 
for heat loss is evaporation of the secreted sweat; the onset and rate of sweating is lar-
gely controlled by core temperature, mean skin temperature, and local skin temperatu-
re.34,35 All our patients had severely impaired capacity for evaporative heat loss, leading 
to progressive hyperthermia. One patient (#3) exhibited a normal threshold value of 
core temperature (37.1 °C) for sweating, whereas Patients 2 and 4 had elevated thres-
hold levels; after exceeding these values the evaporation rate still remained markedly 
subnormal. Patient 1 exhibited no thermal sweating despite core and skin temperatures 
exceeding 38.5°C. These results exclude the possibility that lowering the threshold 
values for sweating in our patients contributed to their lower core temperature. As in 
other studies,36,37 heating provoked a significant elevation of the catecholamines in the 
controls. In all patients heating induced a rise in epinephrine, probably due to the 
considerable thermal stress, but only Patient 2 showed a distinct rise in the level of 
norepinephrine. 
The present study has some limitations. It must be emphasized that the thermore-
gulatory responses to acute cooling represent a short-term reaction (at a single core 
temperature) and do not reflect the capacity to withstand prolonged cold stress. Cau-
tion should thus be used in extrapolating these results to daily life. In fact, the activity 
of the effector mechanisms at thermoneutrality is a better reflection of thermoregula-
tory disorders in these patients' daily lives indoors. Furthermore, because our patients 
had significandy more subcutaneous body fat and a lower initial rectal temperature, the 
controls are not entirely comparable to the patient population. However, warming the 
patients to achieve normothermia and thereby improving comparability of the 2 
groups would have induced marked fluctuations in the physiological parameters under 
investigation. Furthermore, our previous experience18 suggested that starting with the 
rectal temperatures in the patients would enable us to perform comparable investigative 
procedures in both groups. 
We cannot exclude the possibility that in our patients the thermoregulatory respon-
ses to acute thermal stress would have been different at higher or lower core tem-
peratures. We had previously exposed these patients to cold stress during hypothermia 
(rectal temperature 32.9 - 34.9°C); unlike our results in the present study, all patients 
showed a distinct decrease in rectal temperature (0.3 - 0.9°C). Furthermore, an ab-
sence of both shivering and peripheral vasoconstriction during cooling (except in Pa-
tient 1) and a marked decrease in the core temperature (0.3 - 0.5 °C) during subse-
quent rewarming was demonstrated.18 Hence, we hypothesize that the thermoregulato-
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ry defense against acute cold stress in patients with poikilothermia partly depends on 
the level of core temperature, i.e., that the heat-conserving capacity gradually deterio-
rates at decreasing core temperatures. 
Like the patient described by Hockaday et al,14 our patients were chronically or 
intermittendy hypothermic despite both clinical and biochemical evidence of adequate 
hormonal replacement treatment; therefore, it is unlikely that the reduced core tem-
perature could be attributed primarily to endocrine deficiencies, e.g., thyroid deficien-
cy. Two patients (#1 and 4) had hypothalamic lesions. Patient 3 had panhypopitui-
tarism, but, along with Patient 2, had no evidence for either the existence of lesions in 
the hypothalamic-pituitary region, or other well-known causes of thermolability such 
as Wernicke's encephalopathy or sarcoidosis. Based on the absence of orthostatic hypo-
tension and an intact Valsalva maneuver, we found no indication of autonomic insuffi-
ciency as a cause of our patient's thermolability. 
Although our patients have different underlying illnesses and a variety of responses 
to thermal stress, they also have many features in common regarding diagnosis, pa-
thophysiology, and clinical implications of poikilothermia. Depending on ambient 
temperature, physical activity, and behavioral thermoregulation, patients with 
poikilothermia are at risk for both hypothermia and heat illness. The most striking 
signs and symptoms of hypothermia observed in our patients were impairment of hig-
her cerebral functions, clouding of consciousness, confusion, disorientation, amnesia, 
undue fatigue, lethargy, slurred speech, disorders of gait, seizures, bradycardia, and 
unawareness of core temperature with concomitant failure of behavioral thermoregula-
tion. Furthermore, patients with poikilothermia are at risk for the complications 
encountered in accidental hypothermia.38,39 
The most important features of hyperthermia observed in our patients are clouding 
of consciousness, impaired mentation, drowsiness, symptoms of heat exhaustion, and 
occasional seizures. As patients with poikilothermia tend to experience protracted 
hypothermia in cold and temperate climates, disturbed thermal sweating may easily go 
undetected.9 Severely impaired sweating capacity can have lethal consequences during 
heat stress.40 
The results of the present study reveal that at thermoneutrality, despite markedly 
reduced rectal temperature and metabolic rate, no patient experienced compensatory 
shivering or peripheral vasoconstriction to counterbalance the lowered core tempera-
ture. This finding might indicate a lower threshold value for heat conservation at ther-
moneutrality. Thermal stress showed impaired mechanisms of both heat conservation 
and heat dissipation in all patients. In 3 patients, cooling produced attenuation of the 
heat-conserving mechanisms, but to a lesser extent than observed previously at lower 
core temperatures;18 these patients also showed markedly reduced capacity to withstand 
heat challenge. In contrast, cooling in Patient 1 provoked adequate peripheral vasocon-
striction despite reduced core temperature, whereas heating failed to stimulate sweat 
secretion. We speculate that in this patient the set point for heat conservation is reset 
at a lower temperature threshold value and that lowering of the core temperature is 
partially mediated by the impaired activity of the autonomic nervous system. It remains 
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to be elucidated whether the severely impaired heat defense in this patient is due to an 
elevation of the threshold value for thermal sweating above 38.6°C or to her complete 
inability to sweat. 
To avoid complications, we emphasize that thermoregulation should be tested early 
in patients with suspected lesions of the hypothalamic-pituitary region.30 The diagnosis 
of hypothermia is hampered by limited awareness, a difficult differential diagnosis, and 
the wide use of the standard mercury-in-glass thermometer instead of a low-reading 
device.39 Moreover, owing to its dependence on the ambient temperature, poikilother-
mia might easily be misdiagnosed in relatively warm hospital settings. After the diagno-
sis has been made, careful monitoring of the core temperature (using a thermomonitor 
with alarm) and optimization of the thermoregulatory behavior will improve mental 
and physical function and prevent the serious complications of both hypo- and hyper-
thermia. 
In conclusion, the results of the present study reveal that several thermoregulatory 
disorders can result in poikilothermia. At thermoneutxality the activity of the heat-con-
serving mechanisms in our patients was inadequate to restore normothermia. Absence 
of shivering was observed in all 4 patients, whereas 3 patients exhibited inadequate pe-
ripheral vasoconstriction in response to cold stress. In 2 patients cooling failed to 
provoke a rise in the endogenous heat production. Heat challenge revealed severely 
reduced capacity for evaporative heat loss in all patients, leading to progressive hyper-
thermia. As poikilothermia in man greatly affects the quality of life and can induce 
serious complications, this disorder should be taken into account in every patient with 
a disturbance of hypothalamic-pituitary function. 
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ABSTRACT 
Autonomie reactivity is pivotal in maintaining a constant body core temperature. 
Skin vasomotor reflexes and cardiovascular reactivity were investigated in four women 
(aged 28 - 37 years) with acquired poikilothermia, during steady-state spontaneous 
hypothermia (rectal temperature (Tr) 33.7 ± 1.0°C [mean + SDJ) and steady-state 
normothermia (Tr 36.7 ± 0.3°C), as well as in 12 normothermic control subjects. 
Baseline finger temperature (T,) during hypothermia was significantly lower than 
during normothermia (Tf 32.4 ± 1.2 compared with 36.2 ± 0.3°C, respectively), and 
than in the controls (Tf 34.8 ± 0.8°C). No significant differences in baseline skin 
blood flow and forearm blood flow were found between subjects during hypothermia 
or normothermia and controls, suggesting a failure of sympathetic drive to counter-
regulate hypothermia in the subjects. Skin vasoconstrictor responses to the contralateral 
cooling test and neck cooling test were markedly attenuated in three subjects, and to 
the finger cooling test (FCT) in two subjects, during normothermia compared with 
hypothermia. Blood pressure responses to the Valsalva manoeuvre and head-up tilting 
were normal in all subjects, whereas the heart rate response to head-up tilting was 
blunted in three subjects during hypothermia. The responses of blood pressure and 
forearm blood flow to the cold pressor test in the subjects during both thermal conditi-
ons were comparable with the controls. 
We conclude that in our subjects, without generalized autonomic failure, poikilo-
thermia has to be attributed predominandy to disorders of the central thermoregulatory 
pathways. Our findings during hypothermia and normothermia indicate that variations 
in core and skin temperature significandy affect skin vasomotor reactivity. 
Key words: skin blood flow, autonomic reactivity, hypothermia, poikilothermia. 
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INTRODUCTION 
Maintenance of homeothermia is achieved by the complex interaction of auto­
nomic, endocrine, and behavioral responses. The hypothalamus plays a major role in 
the neural integration and control of thermoregulatory responses. The thermal 
information from central and peripheral thermoreceptors is primarily integrated in the 
preoptic area / anterior hypothalamus that functions as a thermostat and controls the 
heat dissipating mechanisms; the integration for thermogenesis (including shivering) 
and heat conservation is largely governed by the posterior hypothalamus. The 
thermoregulatory mechanisms for heat conservation and dissipation are mediated by 
the cutaneous vasomotor responses and sweating.1"3 Damage to the hypothalamus can 
result in hypothermia, hyperthermia or poikilothermia. Poikilothermia, defined as 
fluctuation in core temperature of more than 2°C due to changes in ambient tempera­
ture,4 is the most frequent disorder of thermoregulation in man.5 Yet only few subjects 
with proven poikilothermia have been reported, and litde is known about its 
pathophysiology and the influence of putative central (hypothalamic) lesions on 
peripheral reflex pathways. 
The principal role of the cardiovascular system in thermoregulation is distribution 
of endogenously produced heat within the body and control of the rate of heat transfer 
between the body and its environment. The autonomic reflex control of skin blood 
flow (SkBF) is pivotal in heat regulation, and is the main defence mechanism against 
thermal stress in the zone of vasomotor control between shivering and sweating. The 
skin vasoconstrictor activity is controlled by the sympathetic nervous system and 
depends on both core and skin temperatures.1,6. Cold stress elicits skin vasoconstriction 
and shifting of blood flow and blood volume from the subcutaneous venous plexus to 
the deep venae comitantes by modulation of the vasoconstrictor outflow to cutaneous 
arterioles and particularly arteriovenous anastomoses; a counter-current exchange of 
heat further reduces heat loss.1,7 During heat challenge and rising core temperature, 
SkBF is greatly increased by an enhanced cardiac output and vasodilatation of the 
venous plexus and arteriovenous anastomoses, with concomitantly a relatively less 
increase in splanchnic, renal and muscle blood flow.8 
Disorders in the control of cutaneous circulation can seriously compromise mainte­
nance of a steady core temperature, e.g. in elderly subjects and alcoholics, and may 
contribute to the occurrence of hypothermia in subjects with autonomic distur­
bances.3,910 In this respect, the vasoconstrictor capacity of the hands is of particular 
importance.9 1 1 Many tests of autonomic function provide only general information 
concerning possible defects in the functional integrity of the baroreceptor reflex and 
the complete autonomic reflex arch; however, in putative thermoregulatory disorders 
the vasomotor reactivity in the extremities should be assessed carefully and as 
selectively as possible. 
We investigated the skin vasomotor response to several cold stimuli (reflecting 
selectively distal sympathetic function in the extremities) and cardiovascular reactivity 
(reflecting general autonomic function) in four adult subjects with acquired poikilo-
thermia. Previously we have reported impaired peripheral vasoconstriction in our 
subjects during generalized cold challenge.1213 The aim of the present study was to 
assess both skin blood flow and autonomic reactivity during steady-state spontaneous 
hypothermia in order to determine their role in the serious thermolability in our 
subjects. 
TABLE 1. CHARACTERISTICS OF THE SUBJECTS 
Age (years) 
Height (m) 
Body mass index 
(kg/m2) 
Diagnosis 
Medication 
Controls 
(n = 12) 
34.3 ± 3.4 
1.70 ±0.07 
22.8 ± 2.4 
_ 
_ 
Subject 1 
28 
1.71 
27.7 
Tumour near 
corpus callosum 
L-Thyroxine 
Bromocriptine 
Desmopressin 
Phenytoin 
Estradiol valerate 
Subject 2 
37 
1.62 
25.9 
Unknown 
Uothyranine 
Ethosuximide 
Sod. valproate 
Calcium gluconate 
Subject 3 
33 
1.68 
23.3 
Panhypopit-
uitarism 
L-Thyroxine 
Cortisone acetate 
Desmopressin 
Subject 4 
30 
1.66 
25.4 
Cerebral 
contusion 
with 
thalamic 
lesions 
Carbama-
zepine 
SUBJECTS A N D METHODS 
A summary of the characteristics of the women (aged 28-37 years) with acquired 
poikilothermia is listed in Table 1 ; a detailed description of the subject's histories has 
been reported recendy.12 The subjects were compared with 12 normothermic control 
women matched for age and body mass index. The controls used no medication or 
oral contraceptives, and had no history of peripheral vascular disease, hypertension or 
thermoregulatory disorder. To reduce possible effects of the menstrual cycle on vaso-
motor responses, all controls and the non-amenorrhoeic subject (case 1) were studied 
during the follicular phase of the cycle (days 5-11). The subjects were studied during 
steady-state spontaneous hypothermia and steady-state normothermia (rectal tempera-
ture 33.7 ± 1.0 [mean ± SD] and 36.7 ± 0.3°C, respectively); the latter was achieved 
by maintaining core temperature at a virtually constant level for several days preceding 
the experiment by modulation of ambient temperature, clothing, and the use of an 
electric blanket. Informed consent was obtained from each participant; the 
experimental procedures were approved by the Hospital Ethics Committee. 
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Experimental procedure 
The participants were asked to abstain from smoking for 24 h, from caffeine or 
alcohol containing beverages for 12 h, and to fast for 2 h preceding the test. All lighdy 
dressed participants acclimatized in a comfortable supine position for at least 20 min in 
a climatic chamber. According to standard procedures, the ambient temperature was 
24.8 ± 0.2 °C during skin vasomotor reflex tests, and 21.5 ± 1.1 °C during cardio-
vascular reflex tests. Due care was taken to remove factors that could interfere with test 
results. 
Skin vasomotor reflex tests. The skin vasomotor reactivity was studied in the subjects 
during steady-state mild hypothermia and one week later during normothermia; the 
(normothermic) controls were studied once. The following tests were performed in 
identical sequence, with an interval of at least 15 min, on the same day: contralateral 
hand cooling test (CLCT), neck cooling test (NCT) and finger cooling test (FCT). 
The FCT was used to study the effect of local cooling on direct vasoconstriction. The 
CLCT (reflex contralateral cooling) and the response to the N C T by indirect cooling 
of the blood in the vertebral artery were applied to study selectively the sympathetic 
reflex arch.H'15 To study selectively the skin vascular shunt reactivity of the hands1,6 
SkBF was estimated on the distal volar surface of the second finger by means of laser 
Doppler flux (LDF, arbitrary units (AU), Periflux PF-ld, Perimed KB, Stockholm, 
Sweden; gain 3, time constant 3 s, and frequency limit 12 Hz). The finger skin 
temperature (T,) was measured in °C on the distal volar surface of the third finger 
(thermocouple: Ellab Instruments, Copenhagen, Denmark). 
Before each test, at least three baseline values were obtained during a period of at 
least 5 min. During the CLCT, the contralateral (left) hand was immersed into the 
10°C water bath for 1 min, and recording of the minimum LDF and T f was performed 
at the right hand. The N C T was performed by application of a towel, soaked through 
10°C water, to the neck for 1 min; measurements were taken as described above. For 
the FCT the gloved right hand of the subject was subsequendy immersed into a water 
bath of 10°C for 1 min, while measurements of the minimum values of SkBF and T f 
during cold stress were performed at the same hand. For all vasomotor reflex tests the 
percentage change in SkBF and T f during hypothermia and normothermia in the 
subjects were compared with the control subjects. 
Cardiovascular reflex tests. The cardiovascular autonomic reactivity was investigated in 
the subjects during spontaneous steady-state hypothermia. 
The cold pressor test was performed by immersion of the right hand up to the wrist 
in a cold water bath (4°C) for 1 min; heart rate (HR) was measured by ECG recording 
and the left forearm muscle blood flow (FBF) by mercury strain gauge venous 
occlusion plethysmography, using a wrist cuff to exclude the circulation of the hand. 
Measurement of FBF at rest (average of nine flow curves) and in response to the cold 
pressor test was repeated during normothermia. Systolic (SBP) and diastolic (DBP) 
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blood pressure were assessed during hypothermia by an intra-brachial artery cannula. 
To investigate cardiovascular autonomic reactivity further during hypothermia, the 
following tests were applied according standard procedures:17 Valsalva manoeuvre, 
head-up tilt test, standing up test, deep breathing test and response to atropine 
injection. During the head-up tilt test the subject was passively tilted head-up with 
foot support in 15 s to 45°; the subject remained in this position for 10 min. SBP, 
DBP and H R were measured as described above before (at -6, -4 and -2 min) and 
during tilting (at 1, 3, 5, 7, 9 and 10 min). The results of the heart rate response to 
standing up and deep breathing were compared with reference values;18 the values 
obtained for cold pressor stimulation and head-up tilting were compared with a 
control group of 19 normothermic women of comparable age. 
Statistical m e t h o d s 
Student's paired i-test was used for statistical analysis of intra-group changes, and the 
Wilcoxon rank sum test to compare subjects and control subjects (P-values denoted by 
ρ and p*, respectively). Results were calculated as absolute values and in terms of 
percentage change from baseline, and expressed as mean ± SD for controls and 
individually for subjects unless indicated otherwise, ρ < 0.05 was required for statistical 
significance. 
RESULTS 
Skin vasomotor tests 
Baseline parameters. The baseline values for finger skin blood flow (LDF) and finger skin 
temperature (T¿ are shown in Figure 1. No significant differences in SkBF were found 
between controls (LDF 39 ± 15 AU) and subjects during hypothermia and normo-
thermia (LDF 52 ± 22 AU, and 54 ± 9 AU, respectively). T f in the subjects during 
hypothermia (32.4 ± 1.2°C) was significandy reduced compared with normothermia 
(36.2 ± 0.3°C, ρ < 0.01), as well as with the controls (34.8 ± 0.8°C, p* < 0.01); T f in 
the subjects during normothermia was significandy higher than in controls (p* < 0.05). 
Vasomotor reflex tests. The results of the contralateral cooling test (CLCT), neck cooling 
test (NCT) and finger cooling test (FCT) are given in Figure 2. 
The skin vasoconstrictor response to the CLCT in the controls ( A L D F : - 57 ± 
13%) did not differ significandy from that in the subjects during hypothermia ( A L D F : -
54 ± 24%), but was significantly larger than in the subjects during normothermia 
(ALDF: - 20 ± 12%, p* < 0.01). Three subjects (cases 1, 3 and 4) showed a markedly 
attenuated response to the CLCT during normothermia compared to hypothermia. 
Both the CLCT and N C T induced virtually no change in T f in any participant. 
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Figure 1 Baseline skin blood flow (laser Doppler flux; A) and finger temperature (B) in control 
subjects (CS; mean ± SD) as well as in the subjects during hypothermia and normothermia Case 
#1, • — • ; case #2, о — О ; case #3,П — D ; case #4 * — *. 
In response to the N C T the fall in SkBF did not differ significantly between the 
controls ( A L D F : - 45 ± 11%) and the subjects during either hypothermia or normo­
thermia ( A L D F : - 4 9 + 22 and - 29 ± 16%, respectively); as shown in Figure 2, the 
subjects showed marked interindividual variations. 
In response to the FCT the change in SkBF did not differ significandy between 
controls ( A L D F : - 45 ± 20%) and subjects during hypo- and normothermia ( A L D F : -
51 ± 35 and - 36 ± 17%, respectively). In contrast, the decrease in T f in controls (- 9.2 
± 1.2°C) was significandy larger than in subjects during both hypothermia (- 7.1 ± 
0.7°C, p* < 0.01) and normothermia (- 6.1 ± 1.2°C, p * < 0.01; data not shown in 
figure). 
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Figure 2 Percentage decrease in laser Doppler flow in response to contralateral cooling (A), 
neck cooling (B) and finger cooling (C) in control subjects (mean ± SD; dotted area) and in the 
subjects during hypothermia (open bar) and normothermia (shaded bar). 
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Figure 3 Forearm blood flow (FBF) before and after 1 min cooling during the cold 
pressor test in the subjects during hypothermia (A) and normothermia (B), and in the 
control subjects (C; mean ± SD). For explanation of symbols, see Figure 1. 
Cardiovascular tests 
Baseline parameters. No significant differences in pretest values of FBF were found 
between the reference group (2.8 ± 2.3 ml/100 ml.min) and subjects during 
hypothermia and normothermia (3.6 ± 1 . 2 and 3.5 ± 0.8 ml/100 ml.min, respectively; 
see Figure 3). 
Cardiovascular reflex tests. The results obtained during hypothermia are summarized in 
Table 2. 
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TABLE 2. AUTONOMIC REACTIVITY DURING HYPOTHERMIA 
Rectal temperature 
CO 
Valsalva 
Head-up tilt test 
¿SBP 
¿DBP 
U H R 
Standing up 
(¿HRmax) 
Deep breathing 
(1-Е difference) 
Atropine 
Cold pressor test 
Û S B P 
Û D B P 
Δ FBF 
Subject 1 
34.1 
η 
η 
η 
1 
η 
η 
η 
η 
η 
1 
Subject 2 
34.9 
η 
η 
η 
η 
η 
n.d. 
η 
η 
η 
η 
η, Normal response; 1, decreased or absent response; n.d., not done. 
The blood pressure and heart rate response to the Valsalva manoeuvre were normal 
in all subjects, indicating intact baroreflex pathways. 
Head-up tilting induced no significant différences between controls and subjects in 
systolic and diastolic blood pressure responses; however, the percentage response in 
heart rate was blunted in subjects in comparison with controls ( A H R : -2.0 ± 8.5 
compared with 16.9 ± 9.9% at t=3 min, ρ* < 0.01). The heart rate response to 
standing up was normal in cases 1 and 2 (Δ HRmax: 27 and 28 beats/min), borderline 
in case 4 (Δ HRmax: 18 beats/min) and impaired in case 3 (Δ HRmax: 8 beats/min). 
The heart rate response to deep breathing was intact in subject 1 but attenuated in 
subjects 3 and 4 (inspiratory-expiratory difference 28, 11 and 7 beats/min, 
respectively); in subject 2 no reliable results could be obtained due to insufficient 
cooperation. Atropine administration induced an adequate acceleration in heart rate in 
all subjects ( A H R : 51 ± 22%, range 23 - 72%). 
The results of the cold pressor test showed no significant differences in the 
percentage increase in systolic ( A S B P : 10.2 ± 7.0 compared with 12.0 ± 9.3%) and 
diastolic ( A D B P : 11.2 ± 9.5 compared with 17.8 ± 3.9%) blood pressure between 
controls and (hypothermic) subjects, respectively. The percentage decrease in FBF in 
the controls (AFBF: -25.9 ± 23.7%) did not differ significandy from the subjects during 
hypothermia ( A F B F : -31.3 ± 29.2%) and normothermia ( A F B F : -14.5 ± 32.5%); the 
percentage fall in FBF attained during both thermal conditions in the subjects did not 
differ significantly (for absolute values of FBF see Figure 3). 
Subject 3 
33.8 
η 
η 
η 
I 
I 
1 
η 
η 
η 
η 
Subject 4 
33.4 
η 
η 
η 
1 
! 
Ι 
η 
η 
η 
η 
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DISCUSSION 
Our study revealed failure of heat conservation in a thermoneutral environment 
during steady-state spontaneous hypothermia in at least three of our subjects, as 
reflected by the relatively high baseline SkBF and FBF. Induction of normothermia 
caused a fall in FBF in three subjects despite unequivocally higher core and finger 
temperatures; only subject 1 showed a rise in SkBF and FBF, suggesting decrease of 
baseline vasomotor tone. The rise in finger temperature in all subjects during 
normothermia merely reflected increased tissue temperature, and showed a poor 
correlation with SkBF (see Figure 1). Hence, the baseline sympathetic drive was 
blunted during mild hypothermia in at least three subjects; this is analogous to the 
sympathetic nervous system 'switch ofF observed in severe hypothermia.19 The putative 
decrease of sympathetic nerve activity at lower core temperature, as reported 
previously in a subject with intermittent hypothermia,9 is supported by the increase in 
heart rate variability during spontaneous hypothermia in our subjects.20 The lack of 
counteracting increase in baseline vasomotor tone in the fingers to compensate for 
hypothermia indicates particular heat loss in the aerai regions, that may contribute 
significandy to hypothermia.911,12 
Cold stimuli induced skin vasomotor responses in all subjects, suggesting an intact 
sympathetic reflex arch, but marked differences were observed in the magnitude of 
reactivity between individuals and between hypo- and normothermia. Approximately 
normal skin vasoconstrictor responses were found during hypothermia in three 
subjects, with the highest reactivity in the subjects with the lowest core temperature. 
However, compared with hypothermia, during normothermia the skin vasoconstrictor 
responses to the CLCT and NCT, and in subjects 3 and 4 also to the FCT, were 
attenuated. These findings suggest an inverse relationship between the skin vasomotor 
responses to local cold stimuli and the level of core and/or (local) skin temperature. 
Elevation of core temperature concurrendy induced a rise in (local) skin temperature; 
hence, their separate role in reducing skin vasomotor reactivity remains to be eluci-
dated. Since skin vasomotor reactivity is attenuated at higher resting sympathetic nerve 
activity,1721·22 the presumed increase in baseline vasomotor tone during normothermia 
might have contributed to the blunted vasomotor responses. Our findings of skin 
sympathetic nerve reactivity during steady-state hypothermia and normothermia in 
subjects with poikilothermia are in line with previous reports on attenuation of skin 
vasomotor reflexes after elevation of core or skin temperature in persons with a normal 
thermoregulation,23"25 and with the failure of skin vasomotor responses to local cooling 
or generalized cold stress observed previously in human poikilothermia.3'1213,26"30 
The thermoregulatory reflexes often compete with non-thermoregulatory reflex 
drives (like blood pressure and exercise) with respect to vasomotor control. The 
baroreceptor reflex affects skin circulation and is particularly important in the tolerance 
to prolonged heat stress.1,2,31 In our study, the results of the tests of cardiovascular 
reactivity excluded marked generalized autonomic failure as there was no orthostatic 
hypotension, and during hypothermia the blood pressure response to both Valsalva 
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manoeuvre and head-up tilting was intact. The impaired heart rate response to deep 
breathing and to standing in two subjects presumably indicates some cardiovagal 
dysfunction during hypothermia; one of them (case 3) was known to have persistent 
bradycardia and first degree atrioventricular block.20 However, the normal increase in 
heart rate in response to atropine in all subjects excluded serious efferent vagal 
dysfunction. The cold pressor test, which involves the efferent sympathetic drive to 
both skin and skeletal muscles, induced a distinct response as reflected by elevated 
blood pressure in all subjects and a reduction in forearm blood flow during both 
hypothermia and normothermia in three subjects. 
Although there is evidence of partial dysfunction of vasomotor and cardiovascular 
reactivity, there are several arguments that the serious thermolability in our subjects 
should be primarily attributed to a central (hypothalamic) or preganglionic disorder: (1) 
Lesions in the hypothalamic-pituitary region were demonstrated in two subjects, and, 
based on endocrine studies, were very likely in the other two subjects.12 (2) Significant 
generalized autonomic failure could not be demonstrated. Analogous to observations 
in elderly subjects with intermittent hypothermia32 and in a subject with chronic 
hypothermia,33 thermoregulatory reflex pathways depending on peripheral receptors 
(independent of central mechanisms) showed at least a partial response to sympathetic 
stimuli. (3) At thermoneutrality, no shivering or skin vasoconstriction was observed to 
counter-regulate the reduced core temperature, and basal metabolic rate was decreased 
during prolonged spontaneous hypothermia.1213 (4) Generalized cold exposure induced 
inadequate skin vasoconstriction and no shivering in our subjects (except case 1), and 
prolonged heat challenge revealed marked failure of sudomotor capacity in all 
subjects.12-13 Obvious postganglionic sympathetic dysfunction was excluded by a 
positive sudomotor response to intradermal acetylcholine in all subjects.34 Since our 
subjects had an increased amount of subcutaneous fat and showed no hyperhidrosis,12 
decreased insulation or increased evaporation has not contributed to the increased heat 
loss and strong liability to hypothermia. 
The present study has several limitations. (1) The sympathetic and parasympathetic 
pathways are complex and in most tests of the efferent fibres both afferent and central 
reflexes are involved.17 Our findings reveal that poikilothermia was caused 
predominandy by central (hypothalamic) lesions, but it remains difficult to draw 
precise conclusions about possible secondary peripheral lesions. The existence of long-
standing intermittent hypothermia for many years might have caused some structural 
changes in the autonomic pathways, and the effect of long-standing adaptation to nor-
mothermia on autonomic reactivity remains to be elucidated. (2) The individual auto-
nomic results are partially influenced by the existence and heterogeneity of central le-
sions, and possibly by the use of medications; however, since subjects served as their 
own control in the tests of skin vasomotor reactivity during both thermal conditions, 
this cannot explain the observed differences. (3) Variations in both core and skin 
temperature markedly affected skin vasomotor reactivity; cardiovascular reactivity 
during normothermia in these subjects requires further evaluation. (4) Due to technical 
limitations, blood pressure and FBF were not recorded during testing the skin 
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vasomotor responses to local cold stimuli, hence, it is difficult to draw firm conclusions 
about vascular tone changes However, simultaneous recording of SkBF and blood 
pressure or FBF could affect the vasomotor response to thermal stress by induction of 
a non-specific stress response or reactive hyperaemia. (5) Skin vasomotor reacüvity was 
estimated from changes in laser Doppler flux and finger skin temperature, both of 
which represent selectively the role of the aerai regions in heat conservation Although 
LDF monitoring has an acceptable reproducibility if recorded at the same site under 
standard conditions, repetitive testing of skin blood flow and autonomic reflexes may 
show variability within one subject Regarding the heterogeneity of central lesions, 
intenndividual differences in autonomic reactivity and the small number of subjects, 
caution should be taken to extrapolate the present observations to other subjects with 
poikilothermia 
The present findings are m line with the previous statement that adequate 
autonomic reflexes may be provoked by non-thermal stimuli in subjects with 
poikilothermia.3 Marked thermolability can particularly occur in subjects with 
hypothalamic lesions and in the elderly due to failure of central or reflex thermoregu-
latory mechanisms, the concurrent unawareness of their condition, impairment of 
behavioral thermoregulation, vanous underlying (chronic) disorders, and often the 
combination with drugs and/or alcohol predisposes such subjects to intermittent 
hypothermia or hyperthermia, including heat stroke 3 5 , 0 '2 28 x 35 M Since both 
conditions can have serious clinical sequelae, we advocate the investigation of central 
and peripheral thermoregulatory function in all subjects with obviously impaired 
thermal tolerance, particularly if other autonomic or endocrine disorders exist. Once 
severe thermolability is recognized, close monitoring of core temperature, improving 
behavioral thermoregulation, and treatment of possible associated diseases may 
contribute to improving the quality of life and to prevent serious complications of 
hypothermia or hyperthermia I236 
We conclude that the impaired thermal tolerance in our subjects can be attributed 
predominantly to disorders of the central thermoregulatory pathways During 
spontaneous hypothermia, failure of the sympathetic drive to compensate for the 
reduced core temperature was observed at thermoneutrahty, but the cardiovascular 
autonomic reactivity and skin vasomotor responses to local cold stimuli were not 
seriously affected Skin vasomotor reactivity was markedly affected by variations in 
core and skin temperature, suggesting that these parameters should be taken into 
account in investigating autonomic reactivity. 
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A R T I C L E A B S T R A C T 
Hypohidrosis predisposes to hyperthermia and may indicate generalized 
thermoregulatory failure. To assess the sweating capacity in human poikilothermia, we 
performed a quantitative analysis of the central and peripheral sudomotor pathways in 
four women with acquired poikilothermia (aged 29 to 38 years) and nine controls. 
Heat challenge in a climatic chamber (ambient temperature 40 °C, 50% relative 
humidity) for 180 minutes revealed that both sweat secretion and evaporative weight 
loss were significandy lower in the patients than in the controls (p < 0.01). Temperature 
thresholds for thermal sweating were markedly elevated in at least two patients, whereas 
a third patient showed no sweating response. Stimulation of the eccrine sweat glands 
by intradermally injected acetylcholine during reduced core temperature (34.9 ± 0.7°C) 
revealed a significantly reduced sweating response in all patients (p < 0.01); the 
sudomotor response to pilocarpine iontophoresis was reduced or absent in three patients. 
We conclude that the generalized thermoregulatory sudomotor failure in these 
patients was attributable primarily to disorders of the central sudomotor drive; the 
impaired postganglionic sudomotor response is temperature related and possibly secon-
dary to (long-standing) poikilothermia. Quantification of heat-dissipating capacity is 
pivotal for diagnosing severe thermolability and may help to prevent serious heat illness. 
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INTRODUCTION 
Human thermoregulation is achieved by a complex interaction of autonomic, 
endocrine, and behavioral responses; the skin plays an important role in both afferent 
and efferent thermoregulatory pathways. Humans have a limited physiologic capacity 
to withstand cold stress but can dissipate heat most effectively, principally by sweating 
and peripheral vasodilatation. If ambient temperature exceeds body surface temperature, 
the only mechanism to maintain thermal equilibrium is evaporative heat loss; evapora-
tion of 1 liter of sweat can remove 2,450 kj (585 kcal). 
The control of thermal sweating is influenced by information from central and 
peripheral thermoreceptors and is coordinated predominandy by the preoptic area / 
anterior hypothalamus1"3; the efferent sympathetic sudomotor function is mediated by 
both preganglionic centers and postganglionic cholinergic pathways.4 
Poikilothermia, defined as fluctuation in core temperature of more than 2°C due 
to changes in the ambient temperature, is the most common disorder of thermoregula-
tion in humans and is usually caused by lesions of the posterior hypothalamus or brain 
stem,' but its pathophysiology remains largely unknown. The disorders of heat 
production and heat conservation in Poikilothermie patients predispose to marked 
hypothermia.5,6 However, if the preoptic region or peripheral heat-dissipating pathways 
are also affected, the patients are susceptible to severe hyperthermia, including heat 
stroke, particularly in combination with inadequate behavioral thermoregulation and 
possible use of drugs that suppress sudomotor function.3 Decreased sweat secretion 
during supranormal core temperature has been reported in some patients with poikilo-
thermia7"13; however, the sudomotor capacity in poikilothermia has not yet been quan-
tified. 
We investigated the heat-dissipating mechanisms in four patients with acquired 
poikilothermia, most probably of hypothalamic origin. We have previously demonstra-
ted that our patients meet the definition of poikilothermia,6,7 We recently reported on 
the thermoregulatory responses to cold and heat challenge in our patients6 including 
some data on thermal sweating that are also described in the present study. 
The rationale for the current study was to investigate the functional integrity of the 
central and peripheral sudomotor pathways by quantitative assessment of 
thermoregulatory sweating and postganglionic sudomotor responses in our patients. 
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M E T H O D S 
Subjects 
We investigated four women (aged 29 to 38 years) with acquired poikilothermia. 
All patients had a normal history of thermal sweating previous to the occurrence of 
poikilothermia but reported absence of sweating since then. 
Patient 1 was a 29-year-old woman who was treated in 1983 by surgery and radiation 
therapy for a large tumor near the corpus callosum with bilateral extension into the 
suprasellar cisterns; pathologically, no distinction between dysgerminoma, neuroblastoma 
or atypical pineoblastoma could be made. Postoperatively, she exhibited epilepsy, frontal 
lobe syndrome, and hypothalamic dysfunction, including partial diabetes insipidus, 
reduced thirst perception, increased appetite, hyperprolactinemia, and poikilothermia. 
Dependent on ambient temperature, physical activity, and behavioral thermoregulation, 
core temperature was most of the time between 35.0 and 38.6°C. On hot summer days 
core temperature exceeded 40 °C, causing progressive drowsiness, confusion, resdessness, 
and decreased consciousness; no sweating has been noticed since 1983. 
Patient 2 was a 38-year-old woman with no relevant medical history until 1982, when 
epilepsy, secondary amenorrhea, and poikilothermia were demonstrated. Neuro-
endocrinologic evaluation revealed no well-known causes of thermolability; C T and 
MRI of the cerebrum showed no evidence of hypothalamic or pituitary lesions. Core 
temperature ranged from 31.4 to 35.2°C and increased up to 38.2°C during exposure 
to a hot environment without provoking visible sweating. 
Patient 3 was a 34-year-old woman in whom panhypopituitarism and marked ther­
molability were demonstrated in 1982. MRI of the cerebrum in 1990 showed an empty 
sella. Core temperature ranged from 32.9 to 37.0; elevation up to 38° С induced severe 
discomfort, agitation, confusion, and impaired judgement but no sweating. 
Patient 4 was a 31-year-old woman who suffered from epilepsy, post-traumatic ence­
phalopathy, and marked hypothermia after extensive cerebral damage due to a traffic 
accident at age 16. CT of the cerebrum in 1978 revealed marked central atrophy of the 
hemispheres, including bilateral thalamic lesions. Core temperature usually varied from 
31.7 to 36 °C but increased up to 36 to 37° С during the 4 months preceding the 
present study, presumably due to ameliorated control by her environment. Sweat secre­
tion was never observed. 
The patients received no anticholinergics or other medication known to interfere 
with sweat secretion, except for patient 4, who was treated with carbamazepine 200 mg 
per day throughout this study and clomipramine up to 4 weeks before this study. A 
more detailed description of the clinical and biochemical data of our patients has been 
136_ Chapter V 
published elsewhere.6 
Nine healthy women, matched for age and body mass index, served as controls for 
the patients; the physical characteristics of all participants are listed in the table. All 
controls had a normal history of thermal sweating and did not use any medication. To 
reduce possible effects of the menstrual cycle on the sweat response, all controls and the 
two nonamenorrheic patients (nos. 1 and 4) were studied during days 5 to 11 of the 
menstrual cycle. None of the participants was acclimated to heat stress. 
The experimental procedures were approved by the Local Ethical Committee; 
informed consent was obtained from all participants. 
TABLE 1. PHYSICAL CHARACTERISTICS OF SUBJECTS 
Age (yr) 
Sex 
Height (m) 
Weight (kg) 
Body mass index (kg/m2) 
Body fat (%)* 
Controls 
( n - 9 ) 
33.9 ± 3.1 
F 
1.72 ±0.07 
6Θ.6 ± 7.9 
23.3 ± 2.8 
30.3 ± 3.5 
1 
29 
F 
1.71 
81.0 
27.7 
39.6 
Patients 
2 
38 
F 
1.62 
68.1 
25.9 
37.5 
3 
34 
F 
1.68 
65.9 
23.3 
37.9 
4 
31 
F 
1.66 
70.1 
25.4 
35.2 
* ρ < 0.05 (Wilcoxon's rank sum test; controls versus patients). 
I N V E S T I G A T I O N S 
Thermoregulatory sweat test 
Preceding heat exposure, baseline values (vide infra) were obtained in a thermo-
neutral climatic chamber (ambient temperature [Т
ашЬ
] 29 °C, 50% relative humidity) 
during 50 min after a 45-minute acclimatization period. All subjects were investigated 
in supine position on a comfortable examination table, dressed in bikini, and were 
allowed to drink limited amounts of tepid water. The wind velocity was less than 0.1 
m/sec. 
Assessment of the heat-dissipating capacity was performed during a 180-minute 
exposure to intense heat stress in a climatic chamber (T
ai]lb 40°C, 50% relative humidity). 
To avoid severe discomfort and heat illness, thermal stress was terminated if rectal 
temperature (T
r
) exceeded 38.5°C. 
To estimate the total weight loss due to sweating, the body weight was recorded on 
a precision balance (accuracy, ± 5 g) preceding and immediately after heat stress, after 
drying the patient with a towel. The total evaporative weight loss was assessed by 
continuous recording of changes in total body weight by means of a Potter bed balance 
(accuracy, ± 5 g). Changes in body weight were corrected for intake of liquid as well 
as respiratory and metabolic weight loss, according to Snellen.14 For 50 minutes before 
heating and during heat stress, the local evaporation rate was recorded every 10 minutes 
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by means of an Evaporimeter15 (Evaporimeter Epl, ServoMed AB, Stockholm, Sweden) 
applied to five sites: forehead (a), chest (b), abdomen (c), ventral thigh (d), and ventral 
forearm (e). Based on the relative areas of body surface of DuBois16, the weighted mean 
local evaporation rate (Evap^ was calculated according to Evap^ = 0.1029 a + 0.2574 
(b+c) + 0.2794 d + 0.1029 e. 
Rectal temperature was recorded simultaneously by means of a probe with thermistor 
(depth of insertion, 10 cm) attached to a Squirrel datalogger (type Grant SQ-1201, 
Grant Instruments Ltd, Barrington, Cambridge CB2 5QZ, England). Skin temperatures 
were recorded with thermistors (YSI 409B, Yellow Springs Instrument Co, Yellow 
Springs, OH) from eight sites: forehead (A), parasternal (B) and para-umbilical (C) 
regions, medial thigh (D), lateral calf (E), lateral upper arm (F), ventrolateral forearm 
(G), and hand palm (H). The mean skin temperature ( T ! k J was computed according 
to Gagge and Nishi,17 (with abdomen replacing back): T
s k i n = 0.07 A + 0.175 (B+C) 
+ 0.07 (F+G) + 0.05 Η + 0.19 D + 0.2 E. To calculate the weighted mean skin 
temperature at the sites of the recording of the Evaploc ( Τ ^ ^ ) , the equation for the 
Evaploc was applied to the corresponding five skin sites. 
Acetylcholine test 
The response of eccrine sweat glands to intradermally injected acetylcholine was 
determined at room temperature СТ
тЪ
 ± 22°C), normal relative humidity, and mini­
mum air convection; both patients and controls (see above) were wearing standard 
clothing. Local evaporation was recorded continuously by means of an evaporimeter 
for 10 minutes before and 60 min after pharmacologic sweat stimulation. Acetylcholine 
(0.1% /0.1 ml) was injected on the flexor surface of the forearm (approximately 10 cm 
distal to the elbow), with an indwelling intradermal 25-gauge needle, by the same 
investigator in all cases. The epidermis was perforated outside the actual measuring site; 
the drag was injected after the needle was moved approximately 1 cm intradermally into 
the test site center. Peak and total (expressed as area under the curve, corrected for 
baseline values) evaporative responses to acetylcholine were assessed. The rectal and local 
skin temperature were recorded with thermistors; due to technical limitations this was 
performed only in the patients. 
To examine the effect of normalization of core temperature on sudomotor function, 
testing the sweating response to acetylcholine was repeated in two patients (nos. 2 and 
3) after several days of steady state normothermia, which was achieved by a higher 
ambient temperature, increased insulation, and use of an electric blanket. 
Pilocarpine test 
The sweat response to pilocarpine on the contralateral forearm at the corresponding 
site was determined simultaneously with acetylcholine testing. Pilocarpine nitrate (Ionto-
Pad, Orion Research Ine, Cambridge, MA) 1% was administered by iontophoresis for 
5 minutes with 2 mA direct current from an Orion (model 417, Orion Research Ine) 
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potentiometer. Thereafter, the quantity of the sweat response of the stimulated area for 
45 minutes was estimated by means of a Macroduct capillary collection device (Wescor 
Instruments, Logan, UT). 
Sweat gland biopsy 
To assess whether putative sudomotor dysfunction was related to histopathologic 
changes, supra-iliac skin biopsies were performed in two patients (nos. 2 and 3). 
Statistical analysis 
The Wilcoxon rank sum test was applied for comparison of the sweating responses 
with thermal stress and pilocarpine iontophoresis between patients and control subjects. 
Regarding the sweating response to acetylcholine, intra- and intergroup comparisons 
were performed by repeated measures ANOVA with multiple comparison procedures 
by means of the contrast option of the General Linear Models procedure (SAS Institute 
Ine, Cary, N C ; ρ value in this case denoted by ρ*). Values ofp < 0.05 were considered 
to indicate statistical significance. The results are expressed as means ± SD unless 
indicated otherwise. 
R E S U L T S 
Thermoregulatory sweat test 
All participants were exposed to heat for 180 minutes; only in patient 2, heat stress 
was terminated after 120 minutes (due to distress and T
r
 exceeding 38.6°C). At the end 
of thermal stress, both total body weight reduction (646 ± 103 g [range, 459 to 780] 
versus 101 ± 102 g [range, 26 to 247], ρ < 0.01) and evaporative weight loss (407 ± 
61 g [range, 312 - 530] versus 64 ± 67 g [range, 18 to 162], ρ < 0.01) were significandy 
greater in the controls than in the patients. 
At thermoneutrality, the local evaporation rate was comparable in the patients and 
controls (8.6 ± 3.2 g/m2h versus 9.6 ± 2.5 g/m2h, ρ = ns), despite significandy lower 
T
r
 (35.3 ± 0.3°C versus 37.0 ± 0.3°C, ρ < 0.01) and ^ „ ^ ( 3 3 . 2 ± 0.7°C versus 34.3 
± 0.4°C, ρ < 0.05) in the patients. In all controls, sweating started within 5 minutes 
after the beginning of heat exposure; in contrast, in the patients either no sweating 
occurred (patient 1) or the sweating response was markedly delayed and reduced. The 
relation between the onset of sweating and both T
r
 and T
s k i n is depicted in figure 1. 
Sweating in patients 2 and 3 started after 60 minutes heating (T
s k i n ( e v a p ) 37.7°C in patient 
2 and 37.0°C in patient 3) and in patient 4 after 130 minutes (T
s k i n ( c v a p ) 37.8°C). The 
sweat response was limited to the forehead and upper torso in patient 2, whereas patients 
3 and 4 showed more generalized thermal sweating. Patient 1 showed no increase in 
evaporation rate despite core and skin temperatures exceeding 38.5°C. 
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Acetylcholine test 
The sweating response to intradermal injection of acetylcholine is depicted in figure 
2. The evaporation rate in the controls increased significandy from 8.8 ± 3.9 g/m2h to 
a maximum of 196.9 ± 22.6 g/m2h (range, 170 to 234), p* < 0.0001); compared with 
baseline value, the evaporation rate remained significandy enhanced during the entire 
recording. 
The evaporation rate in the patients increased significantly after acetylcholine 
injection from 6.5 ± 4.0 g / m ^ to a maximum of 78.5 ± 38.6 g/m2 h (range, 32 to 115; 
p* < 0.05). However, the maximum evaporation rate was significandy decreased in the 
patients as compared with the controls (p < 0.01); the same applied to the cumulative 
response to acetylcholine (2,079 ± 1,618 g/m2h [range, 519 to 4,273] versus 6,233 ± 
1,048 g/m2h [range, 4,418 to 8,336], ρ < 0.01). However, at the time of the 
experiment, T
r
 in patients 1 to 4 was markedly reduced (35.6, 35.5, 34.2 and 34.4°C 
[mean, 34.9 ± 0.7]; the corresponding local skin temperature was 30.1, 30.6, 30.6, and 
27.1 °C [mean, 29.6 ± 1.7]). The maximum evaporation rate in the patients was reached 
at approximately the same time after stimulation as in the controls but was delayed in 
patient 4. 
Normothermia in patients 2 (T
r
 36.9°C) and 3 (T
r
36.5°C) induced a rise of 0.6°C 
(patient 2) and 0.9°C (patient 3) in local skin temperature and an increase in maximum 
evaporation rate from 32 to 80 g/m2h (patient 2) and from 105 to 134 g/m2h (patient 
3). 
Pilocarpine test 
Pilocarpine iontophoresis induced a secretion of 32.6 ± 11.4 ul (range, 20 to 57.5) 
sweat in the controls during a 45-minute period. The sweating response to pilocarpine 
was attenuated in three patients ( 0 μΐ, patient 1, 0 μΐ, patient 2; and 15 μΐ, patient 3), 
but markedly enhanced (70 ul) in patient 4. At the time of the test, T
r
 in the patients 
1 to 4 was 35.1, 35.1, 34.2, and 34.4°C. 
Sweat gland biopsy 
Histologic examination of skin biopsies in patients 2 and 3 disclosed no 
abnormalities, particularly no atrophy of eccrine sweat glands. 
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Figure 1. Evaporation rate during heat stress. 
Relation between evaporation rate (measured by Nilsson evaporimeter) and rectal temperature 
(upper panel) and mean skin temperature (lower panel) during heat challenge. The shaded area 
represents the response of the controls ( · , mean ± SD); the results of the patients are represented 
individually (parient 1, • •; patient 2, о О; patient 3, • •; and patient 4, * — *). 
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Figure 2 Acetylcholine test. 
Response of the eccnne sweat glands to intradermal injections of 0 1%/0.1 ml acetylcholine on 
the ventral forearm. The shaded area represents the response of the controls ( · , mean ± SD); 
the results of the patients are represented individually (patient 1, • •; patient 2, о О; 
patient 3, О О; and patient 4, * *) . 
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D I S C U S S I O N 
The present study revealed a significant reduction of both thermal sweating capacity 
and local sudomotor response in our patients, thereby putting them at risk of 
hyperthermia and potentially severe heat illness. Together with disturbed 
thermoregulatory mechanisms for heat conservation and heat production,6,7 these 
findings demonstrate that the severely decreased thermostability must be attributed 
primarily to disorders of the central or preganglionic thermoregulatory pathways. 
The hypothalamic control of heat dissipation is governed by the core temperature 
but modified considerably by the mean and local skin temperature.1,21'1'18"23 In the 
controls, thermal sweating was activated before any significant increase in rectal tempera-
ture, presumably due to the immediate rise in skin temperature. In contrast, sweating 
started only after 60 to 130-minute heating in patients 2, 3 and 4, at remarkably higher 
mean skin and local skin temperatures (and core temperatures in patients 2 and 4) than 
in the controls, and patient 1 showed no thermal sweating. Because a rise in mean skin 
temperature decreases the core temperature threshold of thermal sweating,24 the 
apparendy normal threshold in rectal temperature in patient 3 may be deceptive. 
Although we cannot define the exact values, the core and skin temperature thresholds 
for thermal sweating were markedly increased and the slope of the sweat rate / tem-
perature relation was reduced in at least three patients. 
Postganglionic lesions may be distinguished from preganglionic or central lesions by 
testing both the thermoregulatory sweating and sudomotor reflex. The sympathetic 
sudomotor response to acetylcholine is mediated by both muscarinic and nicotinic 
receptors, whereas pilocarpine is considered to bind direcdy to the muscarinic receptor 
on the eccrine sweat gland.4,25 Although the sweating response to pilocarpine was 
markedly blunted or absent in three patients, the positive (although reduced) response 
to acetylcholine in all patients indicated an at least partly intact local sympathetic supply. 
Patients with more serious impairment of thermal sweating also showed lower sweating 
responses to cholinergics. The enhanced sudomotor response to pilocarpine in patient 
4, despite reduced thermal and acetylcholine-induced sweating, might be attributed to 
supersensitivity of the muscarinic mechanisms by carbamazepine or withdrawal of clomi-
pramine.26 
The sudomotor responsiveness to cholinergics is affected by local skin and core 
temperatures/27,28 notably mediated by the rate of transmitter release at the 
neuroglandular junction and degree of glandular response.21 The impaired cholinergic 
sudomotor response in the patients might be attributable to the reduced core and (local) 
skin temperature at the time of the test. However, the sudomotor response to 
acetylcholine in patients 2 and 3 during normothermia remained subnormal. The 
attenuated sudomotor response might be caused also by impaired secretory capacity or 
decreased number of active sweat glands due to functional inactivity during prolonged 
periods of hypothermia, which might be considered as a counterpart of heat acclimati-
zation in thermal sweating after a rise in body temperature.29 However, no histological 
abnormalities were found in sweat gland biopsies. Generalized hypohidrosis and a 
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decreased postganglionic sudomotor response can be caused by generalized autonomic 
failure, multiple system atrophy, various drugs, and many chronic (skin) disorders;30"34 
however, in our patients these causes were not responsible for the sudomotor 
dysfunction. Therefore, we hypothesize that in addition to the reduced core and local 
skin temperature, long-standing absence of adequate sudomotor stimulation and possibly 
secondary degeneration of sudomotor axons may contribute to the acquired sudomotor 
failure. 
Because anhidrosis may easily be misdiagnosed in the case of rapid invisible sweat 
evaporation,19 quantitative analysis of sweating capacity is a prerequisite to establish 
thermoregulatory sudomotor failure, which may occur in combination with an intact 
cholinergic sudomotor response. Continuous recording of the evaporative weight re-
duction is adequate to assess total heat dissipation,17,20 and recording the local evaporation 
rate at multiple sites makes it possible to assess topographic differences. If inadequate 
thermoregulatory sweating has been demonstrated despite supranormal temperatures 
of core and skin, the sudomotor response to cholinergics must be assessed 
complementarily to differentiate between postganglionic and preganglionic or central 
lesions. Additionally, sudomotor analysis during prolonged physical exercise may be 
useful, but this failed to induce an increase in thermal sweating during either 
hypothermia or normothermia in our patients (unpublished data). Furthermore, 
impaired heat dissipation can be caused partly by inadequate skin vasodilatation; based 
on marked reddening of the skin and the high skin blood flow during heat stress,6 this 
obviously was not the case in our patients. 
The present study has some limitations. First, during thermal stress, core and skin 
temperatures all changed simultaneously and were recorded intermittendy, thereby 
hampering exact determination of core and skin temperature thresholds for thermal 
sweating. Secondly, at the start of heating, rectal and mean skin temperature were lower 
in the patients; however, even after the onset of thermal sweating, the rate of evapora-
tive weight loss remained much lower in patients than in controls. Thirdly, local skin 
temperature was not recorded in controls during testing of the cholinergic sudomotor 
response; however, the local skin temperature of the forearm in the thermoneutral 
climatic chamber was only 0.7 °C lower in the patients than in the controls, making it 
unlikely that this variable signifkandy influenced the differences in sudomotor response. 
Fourthly, the high humidity and low air velocity during heat stress decreased the 
evaporative capacity. However, based on previously observed absence of visible swea-
ting,7 the high heat load was necessary to differentiate between anhidrosis or merely 
elevation of the temperature thresholds for sweating. Furthermore, the exact location 
of the heterogenic preganglionic lesions remains uncertain, and adaptation of the 
thermal- and cholinergic-induced sudomotor response to long-standing normothermia 
requires further elucidation. Thermal sweating and sudomotor responses might be 
improved by prolonged normothermia, especially if combined with intermittent heat 
stress, physical training, or drugs that enhance sweating. 
Decreased thermostability and hypohidrosis predispose to serious heat illness in a hot 
environment, especially in combination with physical exercise, inadequate behavioral 
144 Chapter V 
thermoregulation, dehydration, or chronic (cardiovascular) disorders.3,4,6,32"35 
Recognition of impaired heat tolerance is often difficult,6,10,36 - particularly in patients 
with poikilothermia who tend to have prolonged hypothermia in cold and moderate 
climates - but is pivotal for diagnosing poikilothermia and for differentiating between 
hyperthermia and fever.35,37 Because anhidrosis may indicate generalized 
thermoregulatory failure with potentially serious sequelae,6,33"35 a careful history and 
investigation of the sweating capacity and putative precipitating disorders is indicated 
in hyperthermia without obvious cause. The diagnosis of poikilothermia should be taken 
into account in patients with decreased thermostability, especially if other autonomic 
or endocrine disorders exist. In poikilothermia, considerable fluctuations in core 
temperature greatly affect physical and neuropsychiatrie function, and adequately 
monitoring of core temperature and amelioration of thermoregulatory behavior may 
help to prevent serious complications of both hypothermia and hyperthermia. 
Our results demonstrate generalized deficiency of thermoregulatory sweating in our 
patients with acquired poikilothermia, attributable primarily to a defect in the central 
thermal drive; the impaired postganglionic sudomotor response is partly related to the 
lower core and skin temperature and possibly also to (longstanding) absence of 
sudomotor stimulation. We emphasize that a careful history and quantitative assessment 
of sweating capacity in patients with heat intolerance is essential to recognize serious 
hypohidrosis or generalized thermoregulatory failure and can thereby help to prevent 
the complications of severe hyperthermia. 
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S U M M A R Y 
1. ECG changes observed in short-term induced and accidental hypothermia are well 
known. To assess the influence of steady-state spontaneous hypothermia on the 
ECG, we subjected four patients with acquired poikilothermia (severe thermola-
bility) to 24 h ECG recording, exercise testing and thermal stress. 
2. Twenty-four hour Holter monitoring showed a significant reduction in heart rate 
and prolongation of the Q T interval during steady-state mild hypothermia (rectal 
temperature 33.9 ± 0.7°C, mean ± SD) compared with during normothermia; no 
significant changes occurred in the PR interval, QRS complex and QTc interval 
(QT interval corrected for heart rate). 
3. Unlike during normothermia, during steady hypothermia atrioventricular Wen-
ckebach blocks were observed in two patients, whereas another patient showed 
markedly more atrioventricular Wenckebach blocks during hypothermia. 
4. During steady hypothermia the heart rate variability was significandy enhanced in 
comparison with normothermia. 
5. Exercise tolerance was similar during mild hypothermia and normothermia. 
6. Heat exposure (ambient temperature 40 °C) induced significandy greater changes 
in rectal temperature, heart rate and PR interval, Q R S complex and Q T interval 
in the patients than in the control subjects (n=8). 
7. The present study reveals that even mild steady spontaneous hypothermia can elicit 
ECG changes, presumably mediated by relatively enhanced cardiac vagal tone. 
Hence, spontaneous abnormalities in core temperature should be taken into ac-
count in interpreting the ECG in clinical practice. 
I N T R O D U C T I O N 
Hypothermia, arbitrarily defined as a core temperature of less than 35 °C, is a clini-
cal presentation that is frequendy not recognized. The factors that predispose to 
hypothermia include metabolic disorders, hypothalamic and central nervous system 
dysfunction, sepsis, several drugs and environmental exposure.1 
The ECG changes observed in hypothermia may be useful in the diagnosis; the 
most striking changes include progressive sinus bradycardia, prolongation of the PR 
interval, QRS complex and Q T interval2"13 and the occurrence of the so-called J wave 
(Osbom wave).14"17 The characteristic ECG changes in hypothermia have been studied 
extensively in short-term hypothermia during surgical procedures,2'4,6,18"21 in accidental 
hypothermia3"5·7,8,11,16,22 and in critically ill patients.10,1317,23·24 
In contrast, the ECG effects of prolonged or chronic spontaneous hypothermia are 
yet largely unknown. We investigated these effects during both steady mild hypother-
mia and normothermia in patients with poikilothermia. Poikilothermia is defined as a 
fluctuation in core temperature of more than 2°C owing to changes in ambient tem-
perature (TJ.25 Previously, we demonstrated that our patients meet this definition.26,27 
Without special measures, patients with poikilothermia are nearly chronically hypo-
thermic in cold and temperate climates, but are also at risk for heat illness. Although 
poikilothermia is the most common central disorder of thermoregulation in man,28 the 
cardiovascular sequelae of the marked thermolability in such patients have not been re-
ported previously. The aim of this study in patients with poikilothermia was to assess 
the influence of spontaneous steady-state hypothermia on the electrophysiological 
activity of the myocardium at rest and during physical exercise, and to study ECG 
changes during thermal stress. 
M E T H O D S 
Subjects 
Four female patients (aged 28 - 37 years) with acquired poikilothermia, most pro-
bably of hypothalamic origin, were investigated. The clinical characteristics of our 
patients were reported recently.25 One patient (no. 3) was previously known to have 
marked sinus bradycardia and first degree atrioventricular (AV) block with intermittent 
AV block of the Wenckebach type, presumably due to undetected poikilothermia. For 
the thermoregulatory studies the patients were compared with eight healthy female 
control subjects, matched for age, height and weight. The physical characteristics of 
both groups are Usted in Table 1. The patients had a significandy higher body fat con-
tent (and thereby enhanced insulation) compared with the control subjects. 
The patients were investigated during both steady mild, spontaneous hypothermia 
and steady induced normothermia. Maintenance of core temperature at a virtually 
constant level for at least 5 days was achieved by modulation of Ta and clothing, and 
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the aid of an electric blanket. Approval for the study was obtained from the Ethical 
Committee of the University Hospital Nijmegen; informed consent was acquired from 
all participants. 
TABLE 1. CHARACTERISTICS OF SUBJECTS 
Age (years) 
Sex 
Height (m) 
Weight (kg) 
Body mass index 
(kg/m2) 
Body fat (%) 
Control 
subjects 
( n - 8 ) 
33 5 ± 3.1 
F 
1 73 ± 0 07 
69 4 ± 8.0 
23 4 ± 3 0 
30 9 + 3.2 
Patient 
no. 1 
28 
F 
171 
81 
27.7 
39.6* 
Patient 
no. 2 
37 
F 
1.62 
681 
25.9 
37 5* 
Patient 
no. 3 
33 
F 
1.68 
65.9 
23.3 
3Λ9* 
Patient 
no. 4 
30 
F 
1.66 
70.1 
25.4 
35.2* 
Statistical significance (Student's unpaired Mest) * Ρ < 0 01 compared with control subjects 
Experimental procedures 
Patients were admitted to the hospital during the study in order to maintain a steady 
core temperature. The rectal temperature (T
r
) was measured every 10 min by using a 
probe with a thermistor (type REC-U-V2, depth of insertion 10 cm) and was recor­
ded by a portable Squirrel datalogger (type Grant SQ-1201); both instruments were 
obtained from Grant Instruments Limited (Barrington, Cambridge, U K ) 
The following investigations were performed during steady hypothermia and nor-
mothermia: (a) standard 12-lead electrocardiography, (b) 24 h Holier monitonng (two-
lead Holter, Clinical Data, Boston, U.S.A.; analysed by Stichting Fysiologie, Zeist, 
The Netherlands) and (c) exercise testing on a bicycle ergometer according to a stan­
dard protocol. 
Preceding the exercise test the patient rested for at least 30 min; thereafter the exer­
cise started with 50 W load, progressively increasing by 10 W/min until the maximum 
work, load was reached. Preceding the effort and every minute during exercise, T
r
 and 
a standard 12-lead ECG were recorded. Previous to and at 2 nun intervals dunng the 
exercise the blood pressure was measured manually with a mercury sphygmomanome­
ter. 
The investigations of the cardiovascular responses to thermal stress in the patients 
and control subjects were performed in a separate experiment some months later. After 
acclimatization for at least 30 min, baseline values were obtained for 50 min in a 
thermoneutral climatic chamber (T
a
 29°C, 50% relative humidity). Thereafter, in the 
adjacent climatic chamber the subject was exposed to cold air (T
a
 17°C, 50% relative 
humidity) for 120 min and, on a different day, to heat load (T
a
 40°C, 50% relative 
humidity) for 180 min. Every 10 mm, Τ and a single-lead ECG were recorded. 
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Analysis of data 
All ECG data were analysed manually by a single investigator using a magnifying 
glass with precision scale division. The following parameters were calculated: heart rate 
(HR), P R interval, Q R S complex, Q T interval and QTc interval {QT interval cor­
rected for H R according to Bazett's formula [QT / ·/ (R-R)]}. For the Holter recor­
ding these variables were computed for every hour; periods with (supra)ventricular ex­
trasystoles and second degree AV blocks were discarded from the interval analysis. The 
heart rate variability (HRV) was estimated from the Holter recording as the SD of six 
consecutive R - R intervals, acquired at random every hour; the hourly beat-to-beat 
heart rate variability (HRVbtb) was computed as the average of the differences of six 
successive R - R intervals. Additionally, the relative beat-to-beat variabiHty of the R - R 
intervals was calculated as HRVbtb / mean R - R interval. The 24 h HRV and 
HRVbtb were computed as the average of all hourly values for both variables. To 
analyse the circadian variation of the HRV, the 24h Holter recording was divided into 
a day (07.00 - 23.00 hours) and a night (23.00 - 07.00 hours) period. For the measure­
ment of the ECG intervals during thermal stress all 10 consecutive beats recorded eve­
ry 10 min were analysed, whereas the various ECG intervals during the exercise test 
were measured from the 12-lead ECG. The mean arterial pressure (MAP) was calcula­
ted as the sum of the diastolic pressure and one-third of the pulse pressure. The rate 
pressure product was calculated. 
Statistical methods 
Student's unpaired i-test was applied for the comparison of the characteristics be­
tween patients and control subjects. For the data from the Holter monitoring compa­
rison between hypothermia and normothermia as well as between day and night peri­
ods was made by using Student's i-test for paired observations; the SD was derived 
from the root mean square value of all 24 h observations in every patient. Analysis of 
the cardiovascular responses of patients and control subjects to thermal stress was per­
formed by using repeated measures analysis of variance with multiple comparison pro­
cedures (GLM procedure, SAS Institute, Inc., Сагу, N C , U.S.A.). For analysis of the 
response to heat stress one patient was discarded, since in this patient heating was 
terminated after 120 min as T
r
 exceeded 38.5°C. 
To assess the correlation between T
r
, H R and the ECG parameters, Pearson's parti­
al correlation coefficients were calculated. Correlation coefficients were tested for 
significance and for differences between groups after transformation to a standard nor­
mal distribution. To analyse whether either T
r
 or H R had a preponderant influence on 
the various ECG parameters, the difference in their correlation with the interval 
concerned was tested against zero with the paired i-test. For all procedures P-values of 
< 0.05 were required for statistical significance. The results are expressed as means ± 
SD unless stated otherwise. 
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R E S U L T S 
Standard 12-lead ECG 
During mild steady hypothermia (T
r
 = 34.1 ± 0.3 °C, mean ± SD) a significant 
decrease in H R (52 ± 7 versus 64 ± 9 beats/min, Ρ < 0.01, Student's unpaired i-test) 
and a prolongation of the Q T interval (0.46 ± 0.05 versus 0.40 ± 0.04 s, Ρ < 0.05, 
Student's unpaired t-test) were observed as compared with normothermia (T
r
 = 37.0 
± 0.5°C); no significant changes were found between both thermal conditions regar­
ding the P R and QTc intervals, and the Q R S complex. Slight disorders in 
repolarization were observed in patient no. 3, and pronounced respiratory arrhythmia 
in patient no. 4, during hypothermia; both phenomena disappeared during normother­
mia. A first-degree AV block was present during both thermal conditions in patient 
no. 3. No J waves (Osborn waves) or atrial fibrillation were observed. 
Holter monitoring 
Heart rate and interval analysis. The individual 24 h ECG parameters are depicted in 
Fig. 1. During hypothermia (T
r
 = 33.9 ± 0.7°C) significant alterations were observed 
in H R (52 ± 10 versus 73 ± 12 beats/min, Ρ < 0.01, Student's paired i-test) and the 
Q T interval (0.50 ± 0.04 versus 0.40 ± 0.02 s, Ρ < 0.05, Student's paired i-test) as 
compared with during normothermia (T
r
 = 36.6 ± 0.3°C). No significant differences 
between hypo- and normothermia were observed with respect to the PR interval, 
QRS complex and QTc interval. 
The coefficients of partial correlation (adjusted for T
r
) for H R during hypothermia 
and normothermia are fisted in Table 2. The Q T interval during hypothermia was 
significandy more strongly associated with H R than with T
r
 (P < 0.05, Student's un­
paired i-test); during normothermia both P R and Q T intervals were significandy more 
closely correlated with H R than with T
r
 (P < 0.05, Student's unpaired i-test). 
AV Wenckebach blocks were recorded repeatedly during hypothermia in three pa­
tients. Only patient no. 3 showed such AV blocks during normothermia, but markedly 
less frequently than during hypothermia (5 versus 32); the maximum R - R interval in 
this patient was 4.4 s during hypothermia and 2.2 s during normothermia. The 
minimum H R (mean of 5 consecutive beats) in the patients was 35 (range 30 - 42) 
beats/min during hypothermia and 56 (range 47 - 70) beats/min during normothermia 
(P < 0.05, Student's paired i-test). 
HR KThis was markedly higher during hypothermia than during normothermia. 
This applied for the HRV (86 ± 35 ms versus 20 ± 6 ms, Ρ < 0.05, Student's paired 
i-test), HRVbtb (97 ± 40 versus 17 ± 2 ms, Ρ < 0.05, Student's paired i-test) and rela­
tive beat-to-beat variability (72 ± 31 versus 20 ± 4 ms, Ρ < 0.05, Student's paired i-
test). Concomitandy, the R - R interval was significandy prolonged during hypo­
thermia as compared with during normothermia (P < 0.05, Student's paired i-test). 
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HRV remained markedly higher during hypothermia than during normothermia when 
episodes with similar H R during both thermal conditions were compared (three episo­
des in two patients). 
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Figure 1. Twenty-four hour ECG recording during hypothermia (open bars) and 
normothermia (dotted bars) of the individual patients (nos. 1-4). (a) T
r
. (b) HR. (с) PR inter­
val, (d) QRS complex, (e) QT interval, (f) QTc interval.Values are means ± SD for each pa­
tient. 
The circadian rhythmicity of T t, R - R interval and HRV during hypo- and 
normothermia is depicted in Fig. 2. Unlike during normothermia, significant day 
versus night differences were found for the R - R interval during hypothermia (P < 
0.01, Student's unpaired f-test). The circadian variability of HRV, HRVbtb and T
r
 did 
not reach statistical significance during hypothermia. During normothermia no day 
versus night differences were found for T
r
 and the R - R interval, whereas small 
differences were observed in HRV (P < 0.05, Student's paired r-test). 
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Exercise test 
Owing to the impracticability of analysing the P R interval during exercise, this 
variable was excluded from this part of the study. Before exercise, T
r
 was significantly 
lower during hypothermia (34.3 + 0.6°C) than during normothermia (36.7 ± 0.3°C, 
Ρ < 0.01, Student's paired i-test). Neither the MAP nor the rate pressure product at 
rest showed significant differences between the two thermal conditions. 
TABLE 2. PARTIAL CORRELATION COEFFICIENTS (ADJUSTED FOR RECTAL TEMPERATURE) 
PR interval 
QRS complex 
QT interval 
QTc interval 
Statistical signifie 
Hotter monitoring 
Hypothermia 
HR 
-0.7Э*" 
-0.51* 
-0.93*" 
0.03 
¡ance (Student's pai 
in patients 
Normothermia 
HR 
-0.81"* 
-0.23 
-0.94*** 
0.27 
red f-test): * Ρ < 0.05, " Ρ < 0.01, ' 
Control 
subjects 
HR 
-0.15 
-0.13 
-0.64** 
0.29 
•*'P<0.001. 
Heat exposure 1 
Patients 
HR 
-0.39 
-0.46 
-0.80*" 
0.04 
Three patients attained similar maximal work loads (140, 110 and 70 W, i.e. 79, 71 
and 48% of the expected performance, respectively) during hypo- and normothermia. 
H R during exercise was comparable in both thermal conditions despite slightly lower 
baseJine H R during hypothermia than during normothermia. Assessment of the 
maximum performance during hypothermia in patient no. 4 was hampered by confu­
sion and decreased motivation before and during the test, resulting in a lower work 
load achieved in comparison with the nonnothermic exercise (50 versus 70 W, i.e. 31 
and 43% of the expected value). The absolute changes in T
r
, MAP, rate pressure pro­
duct and ECG variables were similar during hypo- and normothermia. 
Thermal stress 
Cold exposure. At thermoneutrality, both Τ and H R were significandy lower in the 
patients than in the control subjects (P < 0.0001 and Ρ < 0.05, respectively, analysis of 
variance). Cooling induced a significant rise in T
r
 from 37.0 ± 0.3°C to 37.3 ± 0.3°C 
(P < 0.0001, analysis of variance) and in the Q T interval (P < 0.05, analysis of varian­
ce) but virtually no change in H R in the control subjects. 
In the patients cooling did not provoke significant changes in T
r
 (35.3 ± 0.4°C) or 
H R (57 ± 8 beats/min), but a significant prolongation in the PR interval occurred (P 
< 0.05, analysis of variance). 
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Figure 2. Twenty-four hour ECG recording during hypothermia ( · ) and normothermia (O). 
(a) T
r
. (b) R - R interval, (c) HRV. Values are means ± SD for all patients. 
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Heat exposure. Heating induced significant changes (P < 0.0001, analysis of variance) 
in T
r
 (from 36.9 ± 0.2 to 38.0 ± 0.2°C), H R , P R interval, Q R S complex and Q T 
interval in the control subjects. 
Heat stress provoked significant (analysis of variance) changes in T
r
 (from 35.3 ± 
0.5 to 38.5 ± 0.1 °C, Ρ < 0.001), H R (Ρ < 0.01), P R interval (Ρ < 0.001), Q R S com­
plex (P < 0.01) and Q T interval (P < 0.05) in the patients. In both the control subjects 
and patients the QTc interval remained virtually unchanged during heat challenge. 
Comparative analysis of the response to heating between both groups revealed 
significantly (analysis of variance) greater changes in T
r
 (P < 0.0001), H R (Ρ < 0.05), 
PR interval (P < 0.05), QRS complex (P < 0.05) and Q T interval (P < 0.001) in the 
patients as compared with the control subjects. The coefficients of partial correlation 
for H R (adjusted for T
r
) in the control subjects and patients are listed in Table 2. Du­
ring heat challenge no preponderance of H R over T
r
 regarding mutual interdepen­
dence with the various ECG intervals was found. 
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DISCUSSION 
The cardiovascular effects of short-term hypothermia include a gradual decline in 
H R and cardiac output.18 However, the most important cardiac effects of induced and 
accidental hypothermia are alterations in the myocardial irritability and conduction, 
with ventricular fibrillation as an immediate hazard at core temperatures below 28"C.1 
The present study reports the ECG changes during steady mild spontaneous hypo-
thermia, steady normothermia, exercise and thermal stress in four patients with poiki-
lothermia. The standard 12-lead ECG showed a significant decline in H R and pro-
longation of the QT interval despite only mild hypothermia. No ECG changes that are 
usually observed in short-term hypothermia were demonstrated, except for slight 
disorders in repolarization in one patient. We presume that this can be attributed to the 
mild degree of hypothermia, since the occurrence and extent of the typical ECG 
alterations (including J-waves) in induced or accidental hypothermia is related to its 
gravity.1,16 
The 24 h ECG recording during mild hypothermia and normothermia revealed an 
unequivocal interdependence between core temperature and H R in all patients, presu-
mably due to a direct effect of cold on the normal sinoatrial node pacemaker.29 During 
hypothermia marked prolongation of the Q T interval was demonstrated, presumably 
mediated by the concomitandy reduced heart rate, whereas the QTc interval remained 
unchanged. Since prolongation of the QTc interval is the most characteristic ECG 
indicator of altered myocardial activity,30 these findings indicate unaffected myocardial 
integrity irrespective of core temperature. 
Increased cardiac vagal tone can provoke marked prolongation of the AV nodal 
conduction time and ultimately even AV nodal block.31 During mild hypothermia the 
Holter recording revealed repeated episodes of AV Wenckebach blocks in three pa-
tients, whereas during normothermia such AV blocks occurred only in one patient but 
markedly less frequendy. The occurrence of second degree AV block in severe hypo-
thermia has been reported previously;13,32 however, to our knowledge, the occurrence 
of spontaneous AV Wenckebach blocks during mild spontaneous hypothermia (which 
disappeared at normothermia) has not been reported previously. 
H R variability recorded by Holter monitoring can be used to assess cardiac autono-
mic (parasympathetic) integrity33 and can be considered as a marker of the balance be-
tween cardiac vagal and sympathetic tone.34,35 Based on the absence of orthostatic 
hypotension and an intact cardiac response to the Valsalva manoeuvre, we had no 
indications of autonomic cardiac dysfunction in our patients. Although HRV was 
estimated from only six consecutive R - R intervals for every hour, our findings indica-
te markedly greater HRV during hypothermia than during normothermia. HRV is 
strongly associated with average HR;34 in view of the progressive fall in H R during 
hypothermia, it remains under debate as to what extent the higher HRV during hypo-
thermia can be attributed to reduction in either H R or core temperature. The marked-
ly greater HRV during hypothermia as compared with normothermia for periods with 
similar H R during both thermal conditions in two patients suggests a temperature-
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induced alteration in autonomic nervous activity. Recently, circadian variation of 
HRV (with a rise during sleep) has been demonstrated in healthy subjects.36,37 Our 
findings during hypothermia reveal distinct prolongation of the R - R interval and in 
three patients markedly enhanced HRV during the night, despite only slight circadian 
variation in Tr; in contrast, patient no. 4 exhibited a reversal of the circadian rhythm 
in HRV. During normothermia only slight differences between day and night for R - R 
interval and HRV were observed. 
We wondered to what extent the ECG effects observed in mild spontaneous hypo-
thermia could be attributed to relatively or absolutely increased cardiac vagal tone. The 
following findings during mild hypothermia might support this hypothesis: (a) the 
decline in H R and the interdependence between core temperature and H R in all pa-
tients; (b) the prolongation of the Q T interval; (c) the occurrence of spontaneous AV 
Wenckebach blocks; (d) the markedly enhanced HRV; (e) the marked circadian varia-
tion in HRV during hypothermia that was blunted during normothermia; f) the virtu-
ally unchanged QTc interval indicating intact myocardial integrity. 
One of the most intriguing questions is to what extent the ECG differences be-
tween steady hypo- and normothermia can be attributed to the reduction in core 
temperature. In concert with increased HRV during reduced HR,34 it might be pre-
sumed that the ECG alterations during hypothermia in the present study are merely a 
result of the concomitant decrease in HR. This hypothesis is supported by the finding 
that after adjustment for core temperature the H R was closely correlated with the PR 
and QT intervals during both thermal conditions. Furthermore, the close association 
between T r with P R interval, QRS complex and Q T interval during heat stress in 
patients and control subjects was blunted if Tr was adjusted for HR, whereas in both 
groups the partial correlation between H R (adjusted for Tr) and the Q T interval re-
mained close. Further studies are required to elucidate this interrelationship. 
The thermoregulatory studies revealed that cold stress elicited small but significant 
changes in the Q T interval in the control subjects and in the PR interval in the pa-
tients. Heat challenge induced significant alterations in Tr, HR, P R interval, QRS 
complex and Q T interval (but not in QTc interval) in both groups, consistent with an 
adequate cardiovascular response to heat load. The more pronounced changes in ECG 
parameters in patients as compared with control subjects during heating can probably 
be attributed to the greater rise in core temperature in the former group. 
The progressive bradycardia and increased frequency of AV Wenckebach blocks in 
spite of only mild hypothermia are no indication for an electric pacemaker. First, no 
symptoms of cardiac insufficiency were observed despite prolonged episodes of mild 
hypothermia. Secondly, it has been claimed that the decline in cardiac output during 
hypothermia is not due to the reduction in HR, but is caused by the combination of 
a slower rate of both contraction and relaxation and a decreased venous return.29 Based 
on pressure pulse studies, it has been stated that myocardial function is not impaired in 
hypothermia unless H R is accelerated by electric stimulation, and that, at least during 
moderate hypothermia, the prevailing cardiac output fulfils adequately the reduced 
metabolic needs of the body.38 Our observation that both exercise tolerance and H R 
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at comparable work load were similar during hypo- and normothermia provides clini-
cal evidence that, at least mild, hypothermia does not affect cardiac performance. We 
presume that the impaired exercise tolerance in both thermal conditions is due to mar-
kedly reduced physical training in our patients, albeit a contributing role of the nearly 
chronic hypothermia in this respect cannot be excluded. 
The present study has some limitations. First, our observations are restricted to only 
mild spontaneous hypothermia in four patients. Since patients with poikilothermia are 
at risk for both serious hypo- and hyperthermia for prolonged periods, the present fin-
dings may well underestimate the cardiovascular risks such patients are prone to during 
more severe hypothermia. Secondly, the calculation of the HRV was performed on a 
limited number of beats. Further studies at various core temperatures in spontaneously 
hypothermic patients are needed to confirm our findings and to compare their sus-
ceptibility to clinically significant arrhythmias with those of subjects with the same 
degree of hypothermia. Thirdly, we cannot exclude the possibility chat the nearly 
chronic hypothermia and the marked thermolability in our patients for many years 
might have induced myocardial abnormalities that could have interfered with the re-
sults of our study. 
We conclude that even mild steady-state, spontaneous hypothermia can be 
accompanied by distinct ECG alterations that are not observed during normothermia. 
It remains under debate if the observed disorders are primarily due to the lower core 
temperature or to the concomitant decline in H R and probably enhanced cardiac vagal 
tone. The present findings of ECG alterations during mild spontaneous hypothermia 
could be relevant to other subjects with recurring episodes of reduced core temperatu-
re. We therefore emphasize that deviations in core temperature should be taken into 
account in interpreting ECG recordings in clinical practice (particularly in uncompre-
hended bradycardia and AV conduction abnormalities), and can lead to the diagnosis 
of thermoregulatory disorders. Once this diagnosis has been made, care should be 
taken to monitor the core temperature in order to prevent possibly lethal sequelae due 
to profound hypothermia. 
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EFFECT OF STEADY HYPOTHERMIA AND 
NORMOTHERMIA ON MULTIMODALITY EVOKED 
POTENTIALS IN HUMAN POIKILOTHERMIA 
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ABSTRACT 
Objective: To assess the effects of steady-state spontaneous hypothermia on 
multimodality evoked potentials and on peripheral nerve conduction in human 
poikilothermia. 
Design and Setting: Case series at a university hospital. 
Patients: Four patients (four women, aged 28 to 37 years) with acquired poikilo-
thermia. 
Main Outcome Measures: Short-latency somatosensory, brain-stem auditory, and 
visual evoked potentials as well as motor and sensory peripheral nerve conduction 
velocity during steady-state spontaneous hypothermia and normothermia. 
Results: The marked latency prolongation of all evoked potentials and decreased 
peripheral nerve conduction velocity observed during steady-state spontaneous 
hypothermia (mean ± SD core temperature, 33.5 ± 0.3°C) compared with nor-
mothermia (36.9 ± 0.4°C) agrees with previous findings during short-term induced 
hypothermia. 
Conclusions: The unequivocal effect of sustained mild spontaneous hypothermia on 
evoked potentials and peripheral nerve conduction velocity underlines the importance 
of meticulous attention to even small alterations in core temperature in interpreting 
neurophysiological investigations. 
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INTRODUCTION 
Recordings of evoked potentials and electroencephalograms are the two main 
neurophysiologic methods for intraoperative monitoring of the functional integrity of 
the central nervous system in patients undergoing cardiovascular surgical procedures 
under hypothermia; furthermore, evoked potentials play an increasingly important role 
in the diagnosis and management of many neurological disorders.1,2 
Temperature changes have a major impact on the function of the nervous system 
by induction of alterations in synaptic gain, synaptic and conduction delays, and 
amplitudes and durations of action potentials.3"7 The neurophysiological effects of tem-
perature changes should be taken into account in the clinical interpretation of evoked 
potentials as has been demonstrated for brain-stem auditory evoked potentials 
(BAEPs),8"17 visual evoked potentials (VEPs),1118"21 and somatosensory evoked potenti-
als (SSEPs).611'15'20,22"28 To date, the major knowledge of hypothermia-related alterations 
in evoked potentials in man has been derived from studies in patients with short-term 
induced or accidental hypothermia. In contrast, the effects of sustained steady-state 
spontaneous hypothermia on the various evoked potentials and peripheral nerve 
conduction are still largely unknown. 
We have investigated the effect of steady-state spontaneous hypothermia and 
normothermia on multimodality evoked potentials and peripheral nerve conduction 
parameters in four women with acquired poikilothermia. Poikilothermia is defined as 
fluctuation in core temperature of more than 2°C caused by changes in the ambient 
temperature;29 we have demonstrated previously that our patients meet the require-
ments of this definition.30,31 
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P A T I E N T S A N D M E T H O D S 
Patients 
We investigated four female patients (aged 28 to 37 years) with acquired poikilo-
thermia, most likely of hypothalamic origin. A more detailed description of the 
patients has been reported recently.31 
Patient 1 was a 28-year-old woman treated in 1983 by surgery and radiation thera­
py for a large tumor near the corpus callosum with bilateral extension into the 
suprasellar cisterns. Histologically, it could not be determined whether the tumor was 
a neuroblastoma, dysgerminoma, or atypical pinealoma; no signs of tumor recurrence 
had been found at the time of this report. Postoperatively, she exhibited epilepsy, 
frontal lobe syndrome, and hypothalamic dysfunction, including poikilothermia. 
Patient 2 was a 37-year-old woman with no relevant medical history until, in 1982, 
epilepsy, secondary amenorrhea, and poikilothermia were demonstrated. Clinical 
evaluation revealed no signs for well-known causes of thermolability; computed 
tomographic scans and magnetic resonance imaging of the cerebrum showed no 
evidence of hypothalamic or pituitary lesions. 
Patient 3 was a 33-year-old woman in whom, in 1982, panhypopituitarism and 
marked thermolability were demonstrated. Computed tomographic scanning of the 
cerebrum at the time revealed no abnormalities; magnetic resonance imaging in 1990 
showed an empty sella. 
Patient 4 was a 30-year-old woman who suffered from epilepsy, posttraumatic 
encephalopathy and marked thermolability following a traffic accident at the age of 16 
years. Computed tomographic scanning of the cerebrum in 1978 revealed marked 
central atrophy of the hemispheres, including bilateral thalamic lesions. 
Methods 
Approval for the study was obtained from the Ethical Committee of the University 
Hospital Nijmegen, the Netherlands. Informed consent was obtained from all patients. 
Patients were hospitalized during the study to control core temperature. All studies 
were performed during steady mild spontaneous hypothermia and steady normother-
mia. Maintenance of the rectal temperature at a virtually constant level for at least 4 
days preceding the investigation was achieved by modulation of ambient temperature 
and clothing and by means of an electric blanket. The rectal temperature was measured 
every 10 minutes using a probe with a thermistor (depth of insertion, 10 cm) and 
recorded by a portable datalogger (model SQ-1201, Grant Instruments Ltd, Cambrid­
ge, England). 
Multimodality evoked potentials (short-latency SSEPs, BAEPs, and VEPs) and 
peripheral nerve conduction (motor conduction velocity and distal motor and sensory 
latencies) were investigated in all patients during both hypothermia and normothermia. 
The evoked potentials were obtained according to standard procedures, using a 
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Pathfinder II for nerve stimulation and data acquisition (Nicolet Biomedical Instru­
ments, Madison, Wis). The latencies of all evoked potentials were determined in 
duplicate by cursor measurements and evaluated independendy by two investigators. 
Somatosensory Evoked PotentiaL· 
The SSEPs were elicited in response to median nerve stimulation at the right wrist. 
The stimulus duration was 0.1 ms; stimulus strength was adjusted to the twitch level of 
the thenar muscles. The sampling rate was 512 data points per channel and per sweep. 
For the short-latency SSEPs, two computed averages of 1000 regular 3.3/s stimuli 
were obtained. Band-pass filters were set at 5 and 1000 Hz; analysis time was 100 ms 
(25 ms preanalysis delay). Simultaneous two-channel recording was used. Cortical res­
ponses were measured between the C3. electrode (between C 3 and Ρ э international 10-
20 system) and the right ear and the cervical response between the C-5 vertebra and 
the right ear. For the short-latency SSEPs, the N 1 3 (cervical response) and N 2 0 (parietal 
cortex) latencies were analyzed; the central conduction time (CCT) was computed as 
N2Ü - N13 latency. 
Visual Evoked PotentiaL· 
The VEPs were measured using a reversing checkerboard pattern with a galvano-
meter mirror system (Medilog VPS-20, Vickers Medical Nederland, Nieuwkoop, the 
Netherlands) with a field size of 9° and a check size of 17' (minutes of arc). The 
contrast between the checks was 80%, and the reversal rate was 2/s. The active 
electrode was placed at Oz and the passive electrode at T3, and grounding was done 
with an electrode on the earlobe (A,). After 100-dB amplification analog band-pass 
filtering (band pass 0.16 to 70 Hz) the evoked response signals were digitized. In addi-
tion, a digital low-pass filter (zero phase) with a cutoff frequency of 40 Hz was applied 
to the averaged evoked response. Sixty-four VEP signals of 1000-ms duration were 
analyzed by a personal computer to assess the N100 response. Additionally, flash VEPs 
were induced by means of a No. 3182 photic stimulator from Devices Instrument Ltd 
(Welwyn Garden City, England) as described previously;32 the responses to pattern 
reversal and flash stimulation are presented for the left eye. 
Brain-stem Auditory Evoked Potentials 
The BAEPs were elicited for the right and left ears separately by 0.1-ms rarefaction 
clicks of 80 dB (sound pressure level) presented binaurally at a rate of 11.1 Hz. Bipolar 
recordings were obtained from C2 to the ipsilateral ear and filtered through a band pass 
of 150 to 3000 Hz. Two computer averages of 1000 sweeps were plotted at each 
steady-state temperature. The analysis time was 16 ms (4 ms preanalysis delay). An 
analysis was made of the stimulus-to-peak latencies of waves I, III, and V as well as of 
the interpeak latency wave I-wave V. 
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Peripheral Nerve Conduction 
Peripheral nerve conduction was studied using surface electrodes according to 
standard techniques with a Nicolet Viking. Supramaximal stimuli of 0.2-ms duration 
were applied, filters were set at 5 and 5000 Hz. The motor conducoon velocity and 
distal conduction time of the nervus peroneus profundus and nervus ulnans were 
obtained. The distal sensory conduction time was determined by orthodromic stimu-
lation at the ankle (nervus surahs) and index finger (nervus medianus); the responses 
were denved at the calf (12 cm proximal to the stimulus point) and wrist, respectively. 
At the sites of stimulation and measurement, the local skin temperature was recorded 
immediately before each test (Dicitometer type K, Ancom S Ltd, Cheltenham, 
England) 
Statistical Analysis 
The results were analyzed using Student's paired t test for comparisons between 
hypothermia and normothermia and using Student's unpaired t test for comparisons 
between patients and normal subjects of comparable age In the case of a missing value 
for a variable during one of the thermal conditions, the subject was excluded from the 
analysis for that variable. For all procedures, P i 05 was required for statistical signifi-
cance; the significance level was adjusted for the number of simultaneous comparisons. 
All results are expressed as mean ± SD unless otherwise indicated. 
RESULTS 
Identification of the main peaks of the later components of the various evoked 
potentials was sometimes difficult, especially during hypothermia. Only the latencies 
and interpeak latencies that could be identified with adequate reliability are presented 
The rectal temperature was significantly lower during steady-state spontaneous 
hypothermia than dunng steady-state normothermia (33.5 ± 0 3°C vs 36.9 ± 0.4°C, 
P<.01). 
Somatosensory Evoked Potentials 
The SSEP interpeak latencies that could be determined dunng both thermal condi-
tions are depicted in Table 1. Individual short-latency SSEPs are shown in Figure 1, 
and a typical example is depicted in Figure 2. Dunng hypothermia the latency of the 
N20 peak and the central conduction time were significantly increased compared with 
the recordings dunng normothermia (P<.01 by Student's paired t test); compared with 
normal values, all latencies were sigmficandy prolonged dunng hypothermia (P<.01 by 
Student's unpaired t test). 
TABLE 1. EVOKED POTENTIALS DURING HYPOTHERMIA AND NORMOTHERMIA 
CONTROLS 
(n=10) 
Rectal temperature, °C Normal 
Peak Latency, ms 
N,j 13.4 ± 0.6 
Nj,, 19.4 ±0.7 
Central conduction time 
(N„-N,3) 6.0 ± 0.8 
P „ 40.8 ± 2.2 
Rectal temperature, °C Normal 
Peak latency, ms 
N 1 M (pattern reversal) 105.9 ±6.2 
Flash 107.3 ±8.1 
Rectal temperature, °C Normal 
Peak latency, ms 
Wavel 1.53 ±0.09 
Wave III 3.64 ± 0.09 
Wave V 5.46 ± 0.25 
Central conduction time 
(wave I - wave V) 3.93 ± 0.24 
PATIENTS (n=4) 
Hypothermia 
Somatosensory Evoked 
Potentials 
33.5 ± 0.3 
15.2±0.7± 
22.6±1.2± 
7.4 ± 0.5+. 
48.5 ± 2.5± 
Visual Evoked Potentials 
33.9 ±1.0 
128.0 ± 5.7± 
130.0 ±16.5± 
Brain-Stem Auditory (n = 3) 
Evoked Potentials 
33.6 ± 0.4 
1.68 + 0.07 
4.45 ± 0.23+. 
6.82 ± 0.08+. 
5.14 ±0.02*. 
Normothermia P-value 
(H vs N) 
36.9 ± 0.4 
13.6 ±0.6 
19.3 ±0.5 
5.7 ± 0.8 
43.3 ± 2.3 
37.0 ± 0.4 
111.0±5.0 
116.0 ±9.8 
36.9 ± 0.5 
1.57 ±0.17 
3.81 ±0.13 
5.80 ± 0.30 
4.24 ± 0.43 
<01 
NS 
<.01 
<.05 
NS 
<.05 
<.01 
<.05 
<.05 
NS 
NS 
NS 
NS 
Values are mean ± SD; Student's paired t test for hypothermia (H) versus normothermia (N); t ρ < 0.01 by Student's 
unpaired Mest for patients versus controls; NS indicates not significant 
Visual Evoked Potentials 
The VEPs elicited by pattern reversal (N100) and flash stimulation are depicted in 
Table I. Individual latencies are shown in Figure 3. During hypothermia, both the N 1 0 0 
and flash responses were significandy prolonged compared with values during 
normothermia (P<.05 by Student's paired t test) and compared with values for normal 
subjects (P<.01 by Student's unpaired t test). 
Brain-Stem Auditory Evoked Potentials 
The BAEPs are shown in Table I and Figure 4; a representative example is depicted 
in Figure 5. A decline in mean rectal temperature of 3.3 °C induced marked prolonga­
tion of the latencies of waves III and V as well as of the interpeak latency wave I-wave 
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V, although the differences were not significant; compared with values in normal 
subjects, however, these latency parameters were significandy prolonged during 
hypothermia (P<.01 by Student's unpaired t test). The BAEP latencies could be iden-
tified in patient 2 only during hypothermia; they were comparable to BAEP latencies 
in the other patients during hypothermia. 
Figure 1. Short-latency somatosensory evoked potentials during steady-state hypothermia and 
normothermia. 
Peripheral Nerve Conduction Studies 
The motor nerve conduction velocity was significandy reduced and the distal 
sensory conduction time was significandy prolonged during hypothermia compared 
with values during normothermia (Table 2 and Figure 6). 
The distal conduction time of the nervus peroneus profundus increased from 3.2 ± 
0.4 ms during normothermia to 3.8 ± 0.2 ms during hypothermia (n = 3; P, not 
significant); comparable data for the nervus ulnaris were 2.1 ± 0.1 and 2.5 ± 0.4 ms (n 
= 4; P, not significant), respectively. 
The mean Q10 (temperature coefficient) values for the motor conduction velocity, 
distal motor conduction time, and distal sensory conduction time of the nervus 
medianus were 1.5, 2.1, and 2.0, respectively. 
172 Chapter VII 
TABLE 2. PERIPHERAL NERVE CONDUCTION STUDIES 
Rectal temperature, °C 
Motor conduction velocity, ms 
(local skin temperature,°C) 
Nervus peroneus profundus 50.013.8 
CONTROLS 
(n=20) 
Normal 
Hypothermia 
33.5 ± 0.3 
PATIENTS (n = 4) 
Normothermla 
36.9 ± 0.4 
P-value 
(H vs N) 
<01 
Nervus ulnaris 62.0 ± 8.2 
41.8 ±1.9* 
(29.6 ± 0.3) 
51.5 ±1.9 
(30.2 ±1.5) 
47.3 ± 2.1 
(33.3 ± 0.2) 
59.3 ± 6.7 
(35.4 ± 0.6) 
<01 
<01 
NS 
<01 
Distal sensory conduction time, ms 
(local skin temperature, °C) 
Nervus medianus 
Nervus suralis 
2.6 ± 0.2 
3.7 ± 0.4 
3.2 ± 0.2* 
(30.1 ± 2.3) 
4.0 ± 0.8 
(29.7 ± 0.2) 
2.6 ± 0.4 
(35.5 ± 0.2) 
3.4 ± 0.8 
(33.7 ±1.1) 
NS 
NS 
NS 
<01 
(For legends see Table 1). 
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Figure 2. Typical example of short-latency somatosensory evoked potential (patient 1), 
representing the responses in duplicate during hypothermia (A) (rectal temperature, 34.0 °C) 
and normothermia (B) (rectal temperature, 36.8 °C). 
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Figure 3. Visual evoked responses of the left eye to pattern reversal stimulation and to flash 
stimulation during steady-state hypothermia and normothermia. 
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Figure 4. Brain-stem auditory evoked responses of the right ear for waves I and V and the cen­
tral conduction time (wave I-wave V) during steady-state hypothermia and normothermia. 
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Figure 5. Typical example of brain-stem auditory evoked response (right ear, patient 4), repre­
senting the response in duplicate during hypothermia (A) (rectal temperature, 33.2°C) and 
normothermia (B) (rectal temperature, 37.4°C). 
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Figure 6. Motor conduction velocity (nervus peroneus profundus) and sensory conduction 
Ome (nervus medianus) during steady-state hypothermia and normothermia. 
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COMMENT 
In interpreting the neurophysiological effects of short-term induced hypothermia in 
man, it must be taken into account that because of rapidly changing temperatures (not 
homogeneously distributed within the body) neural activity is elicited and the actual 
brain temperature is difficult to assess; furthermore, anesthetic agents may have a 
profound effect on evoked responses.611,21'33 A prerequisite to assess adequately the ef-
fects of hypothermia on evoked responses is steady-state temperature, a condition very 
difficult to achieve in a clinical setting.6,8 To our knowledge, the present study is the 
first report on neurophysiological effects of sustained steady-state 'spontaneous' 
hypothermia. Since the rectal temperature was virtually constant for several days 
preceding the study, we assume it approximately reflects the brain temperature during 
the experiments. 
Our findings reveal that during mild spontaneous sustained hypothermia, both the 
latencies of evoked potentials and peripheral nerve conduction velocities are markedly 
delayed. Unlike the findings during hypothermia, the short-latency SSEPs and the 
central conduction times during steady normothermia were within the normal range 
in every patient. The latency prolongation induced by steady-state hypothermia was 
computed from only two different levels of core temperature in each patient; the 
percentage delay was markedly greater for the central conduction time (reflecting con-
duction through the lemniscal and thalamic systems) than for the conduction times that 
included the more peripheral components. These observations are in agreement with 
the finding that the more profound effect of hypothermia on the more central compo-
nents in the somatosensory pathways must be attributed to both slowed conduction ve-
locity and increased synaptic delay.6'n'15'22'24·26 Since it has been demonstrated that 
synaptic transmission is more susceptible than axonal propagation to reduced tempera-
ture,3"5'7,15 we assume that the increased latency of SSEPs during steady hypothermia is 
caused predominandy by attenuated synaptic function. 
Analogous to the short-latency SSEPs, the BAEPs showed progressive latency 
prolongation of successive waves. It is of note that in all patients, during mild steady 
hypothermia the wave I-wave V interpeak latency (representing the central conduction 
time) and the latencies of waves III and V were markedly prolonged, whereas during 
steady normothermia these parameters were within the normal ranges. The VEP 
responses to pattern reversal and flash stimulation were markedly prolonged in all 
patients during steady mild hypothermia compared with normothermia. The tempe-
rature sensitivity (expressed as Q10 value, and based on the relatively small differences 
in core and skin temperatures between normothermia and hypothermia) of peripheral 
nerve propagation was approximately similar to values reported previously during 
induced hypothermia.6,34,35 
An interesting but unexpected finding in the present study was the neuro-
physiological effect of the normalization of core temperature in patient 2, who was 
previously not known to have cerebral damage. In contrast to the other patients and 
to the recordings during hypothermia in this patient, during normothermia the BAEP 
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could not be identified with certainty because of severely distorted morphologic 
characteristics of the components. We wondered to what extent the observed pheno-
menon could be attributed to neuronal desynchronization of the cerebral pathways 
caused by elevation in the core temperature in this patient, who had been chronically 
hypothermic for several years. Therefore, the BAEP was reassessed after she had been 
virtually normothermic for several months, but again no improvement in the BAEP 
was observed (unpublished data, 1990). 
The neurophysiologies! effects of prolonged periods of spontaneous hypothermia, 
as observed in human poikilothermia, have not been reported previously. A major 
problem in poikilothermia is how to preserve adequate cerebral function during large 
temperature fluctuations that cause imbalances in coordinated nervous system func-
tion.7 Clinically, considerable fluctuations in core temperature and particularly marked 
hypo-thermia for prolonged periods seriously affect both mental and physical activity 
in patients.31 The most striking neuropsychiatrie symptoms of prolonged hypothermia 
include progressively impaired mentation, lethargy, bradyphrenia, confusion, dis-
orientation, disorden in (short) memory, stumbling gait, slurred speech, and the 
occurrence of epileptic seizures. We assume that these findings are caused by 
attenuated nervous propagation velocity and synaptic transmission in the central nerve 
fibers, resulting in impaired coordination and specificity of the higher cerebral func-
tions. Since hypothermia provokes a fall in both metabolic rate and cerebral blood flow 
of about 7% per 1°C decrease in core temperature,36 it remains to be established to 
what extent the impaired cerebral function can be attributed exclusively to the reduc-
tion in core temperature. 
The present study has some limitations. First, our results are based on only four 
patients with poikilothermia and on two levels of core temperature; the neurophysio-
logies effects of more severe spontaneous hypothermia remain to be elucidated. 
Second, identification of the various peaks of the evoked responses was sometimes 
difficult, especially during hypothermia. Third, at least two of our patients had (pro-
ven) intracerebral lesions as the cause of their poikilothermia, which affected brain 
integrity and compromised the neurophysiologies parameters to be studied; however, 
since all patients served as their own controls, this did not affect the observed diffe-
rences between thermal conditions. Furthermore, we cannot exclude the possibility 
that the existence of intermittent sustained hypothermia for several years might itself 
have affected the functional integrity of the nervous system by inducing structural or 
metabolic changes. However, since the present results were obtained during genuine 
steady-state conditions for core temperature (including the brain temperature) and 
since both hypothermia and normothermia were achieved and maintained without the 
aid of thermal stress or anesthetic drugs, we believe our study can contribute to better 
insight into the neurophysiologies effects of reduced core temperature. 
We conclude that mild steady-state spontaneous hypothermia induces unequivocal 
alterations in multimodality evoked responses and peripheral nerve conduction com-
pared with normothermia. Since marked latency differences can occur despite slight 
changes in temperature, we emphasize that deviations in core temperature should be 
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taken into account meticulously in interpreting evoked potentials and 
electromyelograms in clinical practice. The markedly attenuated neurophysiological 
and neuropsychological function despite only mild hypothermia underlines the impor-
tance to maintain normothermia in patients with poikilothermia to improve their 
physical and mental function and thus their quality of life. 
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SUMMARY AND GENERAL CONCLUSIONS 
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The aim of the present study was to investigate the pathophysiology of 
poikilothermia and to establish the effects of spontaneous steady hypothermia and 
normothermia on physical and mental function in four adult women with acquired 
poikilothermia. 
Poikilothermia, defined as variation in core temperature of more than 2°C due 
to changes in ambient temperature, is the most frequent central disorder of tempera-
ture regulation in humans. However, the pathophysiology and clinical implications 
of poikilothermia in humans have so far remained virtually unknown and only few 
patients with this disorder have been reported in the literature. In the clinical 
management of human poikilothermia it is mandatory to understand the physiology 
of autonomic and behavioral thermoregulation, as well as to know the 
pathophysiology, signs and symptoms and clinical management of both hypothermia 
and hyperthermia for which conditions patients with poikilothermia are at risk. 
In the Introduction, a review is presented of human thermoregulation and its 
disorders, with emphasis on poikilothermia. In the first part of the Introduction, the 
concepts of poikilothermia and homeothermia are explained and a short overview is 
presented of the autonomic and behavioral mechanisms involved in human 
thermoregulation. 
The vast majority of animal species are poikilotherms, whereas mammals and 
birds are homeotherms. Poikilotherms represent a heterogenous variety of species. 
In most poikilotherms, core temperature can show large fluctuations within a zone 
of temperature tolerance and is determined by the temperature of the environment. 
Core temperature in poikilotherms is affected by thermal sensitivity, locomotor 
capacity to move to an ambient temperature closer to the thermal preferendum, and 
sometimes other mechanisms of behavioral thermoregulation. Several Poikilo-
thermie species are able to maintain a core temperature that is markedly different 
from the ambient temperature, indicating that there is no absolute distinction 
between poikilothermia and homeothermia. An important difference between 
poikilotherms and homeotherms is the markedly higher metabolic rate in homeo-
therms, that is of great benefit to achieve optimization of biological functions. As a 
drawback, homeotherms have much higher energy requirements and a limited range 
of tolerated core temperatures. 
Body temperature in homeotherms is closely regulated by the complex interac-
tion of both autonomic and behavioral mechanisms, that are largely controlled by 
thermoregulatory centers in the hypothalamus. The hallmark of homeothermia is 
the degree of autonomic thermoregulation, primarily mediated by modulation of 
heat production, skin vasomotor tone and sweat secretion. The afferent thermal 
information is derived from numerous central and peripheral thermoreceptors and is 
integrated in the preoptic area and septum in the anterior hypothalamus (POAH 
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region), that can be considered as a kind of thermostat of core temperature. The 
posterior hypothalamus largely controls heat production and shivering. After 
integration and coordination of the thermal signals in the POAH region and in the 
posterior hypothalamus, the autonomic and behavioral thermoregulatory effector 
responses are mediated via a hierarchic neuronal network of thermoregulatory 
pathways. Autonomic thermoregulation in humans has a limited capacity to 
withstand cold exposure, but their unrivalled evaporative capacity allows them to 
withstand severe heat stress. However, adequate behavioral thermoregulation is 
pivotal to maintain a constant core temperature and, in particular, to withstand cold 
and heat challenge. 
In considering human thermoregulation, distinction has to be made between 
core temperature (in the deeper structures and organs) and shell temperature (of the 
skin and superficial layers of the body). The chief aim of autonomic thermoregula-
tion is to maintain a (virtually) constant core temperature, whereas behavioral 
thermoregulation is determined largely by discomfort of the skin. Although autono-
mic responses are determined primarily by the level of core temperature, they are 
modulated significantly by skin temperature. 
In response to cold stress, a fall in core temperature is prevented by autonomic 
responses (including an increase in muscle tone or overt shivering, vasoconstriction 
of skin blood vessels, and decrease of thermal sweating) and thermoregulatory 
behaviour (like modulation of insulative and environmental conditions) to limit heat 
transfer to the environment and reduce cold load. Heat challenge induces a decrease 
of heat production, skin vasodilation and thermal sweating as well as behavioral 
measures to increase heat dissipation to the environment and to reduce heat load. 
In the second part of the Introduction, normal core temperature and its 
measurement are discussed. Actually, there is no single normal core temperature but 
rather a normal range of core temperatures. Core temperature is influenced by 
various factors, including site of registration, circadian variation, physical activity, 
menstrual cycle, use of alcohol and various drugs, and behavioral thermoregulation. 
Adequate measurement of core temperature is essential for the diagnosis and clinical 
management of many disorders, including poikilothermia. Core temperature can be 
estimated at various sites of the body, usually by oral or rectal measurements. In 
clinical thermometry, the advantages and limitations of the applied method of 
recording and the various conditions that affect 'normal' core temperature should be 
taken into account. 
In the third part of the Introduction, the pathophysiology and management of 
disorders of human thermoregulation are discussed. Thermoregulatory disorders can 
be caused by lesions of the skin or afferent neural pathways, failure of central 
thermoregulatory centers in the hypothalamus and brain stem, or damage of the 
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thermoregulatory effector pathways. Depending on the site and extent of the lesions, 
failure of autonomic or behavioral thermoregulation can occur, with potential 
hypothermia, hyperthermia, or poikilothermia. Based on studies in laboratory 
animals, damage of the POAH region is more likely to cause hyperthermia or 
thermostatic dysfunction, whereas more distal lesions of the hypothalamus or 
midbrain can induce hypothermia or poikilothermia. However, due to the complex 
neural organisation of thermoregulatory pathways and interaction of autonomic and 
behavioral thermoregulation, it is very difficult to link localized neural lesions to 
distinct autonomic and behavioral thermoregulatory disorders. 
In the last part of the Introduction, the occurrence of poikilothermia in homeo-
therms is discussed, and an outline is presented of patients with poikilothermia 
reported upon in the literature. Knowledge of the pathophysiology of poikilother-
mia in homeotherms is derived primarily from experiments with laboratory animals 
with hypothalamic or midbrain lesions, resulting in hypothermia, hyperthermia, or 
poikilothermia. An overview is presented of the clinical implications for the 
diagnosis and management of Poikilothermie patients. 
In Chapter 2, the results are presented of our first study of autonomic responses 
to cold stress and subsequent heat exposure in a climatic chamber in the four 
Poikilothermie patients and four control subjects. In the controls, cold stress (am-
bient temperature 16.5°C) induced shivering and skin vasoconstriction without a 
decrease in rectal temperature ((Tr), 36.3 ± 0.2°C; mean + SD); subsequent heat 
stress (ambient temperature 40 °C) induced generalized sweating and a rise in T r to 
37.0 ± 0.3°C. The four patients were spontaneously hypothermic at the start of the 
experiment (Tr 34.1 ± 0.9°C), showed a fall in rectal temperature of 0.3 - 0.9°C 
during cold stress, and, unlike in the controls, a marked afterdrop (continued fall of 
Tr during rewarming after cold stress) of 0.3 - 0.5°C. Three patients showed no 
apparent shivering or skin vasoconstriction during cooling. No obvious sweating 
was observed in any patient during heat exposure, despite an increase in Tr to 38.0 -
38.5 °C, and in mean skin temperature to 37.7 - 38.5°C. The overall change in T r 
during cooling and subsequent heating was 0.5 to 1.4°C in the controls and 4.0 to 
6.1 °C in the patients. 
The basal metabolic rate was decreased by 71 - 82% in all patients during steady-
state hypothermia in a thermoneutral environment. It remained lowered during 
normothermia in two patients, but virtually normalized in the other two patients. 
Our findings provide evidence for thermal conduction and reduced endogenous 
heat production as major causes of afterdrop. 
Chapter 3 reports on a more quantitative assessment of thermoregulatory 
autonomic responses in two separate climatic chambers at thermoneutrality (ambient 
temperature 29°C) and in response to subsequent cold stress (ambient temperature 
17°C) for two hours or heat exposure (ambient temperature 40°C) for three hours 
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in two different experiments in our four Poikilothermie patients and in nine female 
control subjects. At thermoneutrality, T
r
 and resting metabolic rate in the patients 
were significantly lower than in the controls, and skin temperature (in particular of 
the extremities) was relatively high in comparison with core temperature. Cooling 
induced a slight rise in core temperature in the controls and in one patient, with 
concurrently an increase in metabolic rate in the controls and two patients; how­
ever, unlike the controls, no patient exhibited obvious shivering, and in only one 
patient adequate skin vasoconstriction was observed. Heat stress induced a rise in T
r 
to 38.0 ± 0.2°C and in mean skin temperature to 37.4 ± 0.3°C in the controls. 
The patients showed a significantly greater and progressive increase in T
r
 to 38.5°C 
and in mean skin temperature to 38.2 - 38.6°C and a significandy reduced evapora­
tive weight loss and local evaporation rate as compared with the controls. In one 
patient the experiment was ended at T
r
 38.7° С after 2 hours heat stress. The 
temperature threshold for sweating was markedly elevated in two patients, and in 
one patient no sweating could be observed. These findings reveal inadequate 
autonomic responses to prevent hypothermia in a thermoneutral environment and 
during cold stress, and to prevent hyperthermia during heat exposure in our 
patients. 
In Chapter 4, studies of skin vasomotor reflexes to local cold stimuli and auto­
nomic reactivity during spontaneous steady hypothermia and normothermia in the 
patients as compared with (normothermic) control subjects are presented. Baseline 
finger temperature during hypothermia was significantly lower than during normo­
thermia and in the controls; however, no significant differences in baseline skin 
blood flow and forearm blood flow were found between hypothermia or normo­
thermia in the patients and as compared with controls. Skin vasoconstrictor respon­
ses to cold stimuli showed marked individual differences, but were generally lower 
during normothermia than during hypothermia. Testing cardiovascular reactivity 
during hypothermia demonstrated no generalised autonomic failure. These results 
support that the impaired thermal tolerance in our patients has to be attributed 
primarily to disorders of the central thermoregulatory pathways. 
In Chapter 5, sudomotor function in our patients and control subjects is further 
evaluated. The capacity for thermoregulatory sweating was significandy reduced in 
the patients as described in Chapter 3. Stimulation of the eccrine sweat glands by 
intradermally injected acetylcholine and by pilocarpine iontophoresis revealed 
markedly decreased sweating responses in the patients during hypothermia; the 
acetylcholine test was repeated during normothermia in two patients, but, despite a 
slight increase, the sweating response remained subnormal. The impaired sudomotor 
response is likely related to the lowered core temperature and local skin tempera­
ture, but is possibly in part a consequence of the (longstanding) poikilothermia itself. 
Chapter 6 describes the electrocardiographic changes during spontaneous steady 
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hypothermia (Tr 33.9 ± 0.7°C) and normothermia, (T 36.6 ± 0.3°C) in our 
patients. Hoher monitoring for 24 h revealed reduction in heart rate and prolonga-
tion in QT-interval (but not of the Q T interval corrected for heart rate) during 
hypothermia as compared with normothermia. Heart rate variability and the 
occurrence of atrioventricular Wenckebach blocks were markedly increased during 
hypothermia. Our findings demonstrate that even mild hypothermia in the absence 
of cold stress can induce ECG changes. 
Chapter 7 represents the results of a neurophysiologic study of the effect of 
steady-state spontaneous hypothermia and normothermia on multimodality evoked 
potentials and peripheral nerve conduction velocity. The observed latency prolon-
gation of short-latency somatosensory, brain-stem auditory, and visual evoked 
potentials as well as the decreased motor and sensory peripheral nerve conduction 
velocity observed during mild spontaneous hypothermia is in concert with previous-
ly reported findings during short-term induced hypothermia. 
The existence of poikilothermia has important implications for the diagnosis and 
clinical management of patients with this disorder. The diagnosis of poikilothermia 
is often difficult to make for various reasons, including unawareness of own core 
temperature, inadequate thermometry, relatively high and stable ambient temperatu-
re in hospitals, often absence of other hypothalamic or brain stem disorders, and 
insufficient clinical knowledge and suspicion. Poikilothermia has a difficult differen-
tial diagnosis, including many disorders, medications and drugs that predispose to 
decreased thermostability or overt hypothermia or hyperthermia. Moreover, failure 
of autonomic thermoregulatory mechanisms can be masked by compensatory 
behavioral thermoregulation; in that case, the disorder may remain undetected until 
thermoregulatory behaviour deteriorates or the affected patient is exposed to marked 
cold or heat stress. 
Clinically, it is important to recognize poikilothermia and to determine its 
severity. The presentation and severity of poikilothermia in humans varies widely 
from patient to patient, and depends on the site and extent of the lesions and 
consequent disorders of thermoregulatory mechanisms, occurrence of compensatory 
autonomic or behavioral thermoregulation, concurrent predisposing conditions for 
decreased thermostability and the prevailing environmental conditions. In cold and 
moderate climates, patients with poikilothermia usually present with intermittent or 
prolonged hypothermia, but they can also be at risk for potentially serious hyper-
thermia. Mild poikilothermia is not uncommon in neonates, senescent individuals 
and patients with spinal cord lesions, and various predisposing conditions can 
contribute to thermolability in these groups. More extensive damage of the central 
thermoregulatory pathways can result in severe poikilothermia with far-reaching 
consequences. 
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The marked fluctuations in core temperature, and in particular overt hypother-
mia and hyperthermia, significantly affect both physical and mental function of 
patients with poikilothermia. The clinical manifestations depend on the level of core 
temperature. Many signs and symptoms, including mental and neurophysiological 
alterations, can even be observed during only mild deviations in core temperature, 
often in the absence of obvious thermal stress. 
The most striking signs and symptoms of mild to moderate hypothermia 
observed in our patients with poikilothermia were impairment of higher cerebral 
functions, clouding of consciousness, bradyphrenia, confusion, disorientation, 
amnesia, undue fatigue, lethargy, slurred speech, disorders of gait, seizures, bradycar-
dia, and unawareness of core temperature with concomitant failure of behavioral 
thermoregulation. The most important features of mild hyperthermia observed in 
our patients include clouding of consciousness, impaired mentation, drowsiness, 
symptoms of heat exhaustion, and, occasionally, seizures. 
Patients with poikilothermia may be at risk for serious hypothermia and 
hyperthermia, and thereby for the potentially life-threatening complications of both 
disorders. In the clinical management of poikilothermia, it is pivotal to understand 
the underlying pathophysiology and to treat associated conditions that predispose to 
decreased thermostability or overt hypothermia or hyperthermia. Specific attention 
should be given to possible infectious diseases in Poikilothermie patients with 
elevated core temperature, as well as to putative disorders of hypothalamic and other 
endocrine functions and thermoregulatory behaviour. Unfortunately, until today the 
management of patients with poikilothermia has received little attention. Guidelines 
for the clinical management of (accidental) hypothermia and hyperthermia are based 
primarily on experience with these conditions caused by marked cold or heat stress, 
but should be applied cautiously in the case of hypothermia or hyperthermia 
without apparent thermal stress, in particular in patients with poikilothermia. The 
diagnosis of poikilothermia should be considered in any subject with an abnormal 
high or low core temperature, particularly in patients with unexplained and inter-
mittent hypothermia or hyperthermia. 
Adequate diagnosis of poikilothermia includes a meticulous history, careful 
analysis of autonomic and behavioral thermoregulatory capacity during daily life 
activities and thermal stress, and assessment of contributing risk factors for decreased 
thermostability. Once the diagnosis of poikilothermia has been established, careful 
monitoring of core temperature, preferably with alarm settings during thermal stress, 
appropriate thermoregulatory behavioral measures and adequate treatment of 
associated disorden can contribute to limit fluctuations in core temperature, to 
improve physical and mental function and thereby quality of life, and to prevent 
serious complications of hypothermia and hyperthermia in patients with poikilother-
mia. 
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Poikilothermie bij de mens: 
pathofysiologische aspecten en klinische implicaties 
Dit proefschrift is gewijd aan de pathofysiologie en klinische implicaties van Poikilo-
thermie bij de mens. Poikilothermie is gedefinieerd als het voorkomen van fluctuaties 
in de kerntemperatuur van meer dan 2°C ten gevolge van veranderingen in de 
omgevingstemperatuur. Voor een goed inzicht in de pathofysiologie van humane 
Poikilothermie wordt er in de Inleiding eerst een overzicht gegeven van de fysiologie 
van temperatuurregulatie bij de mens en van de factoren die de lichaamstemperatuur 
en de meting daarvan beïnvloeden. Aangezien patiënten met Poikilothermie zowel een 
duidelijk verlaagde als verhoogde kerntemperatuur kunnen hebben, wordt vervolgens 
een overzicht gegeven van stoornissen in de humane thermoregulatie, die kunnen leiden 
tot hypothermie, hyperthermic en Poikilothermie. 
Een adequate regulatie van de warmteproductie en warmteafgifte is van essentieel 
belang om de kerntemperatuur op een (vrijwel) constant niveau te handhaven, 
onafhankelijk van veranderingen in omgevingstemperatuur en vele andere factoren die 
de warmtebalans beïnvloeden. Onder de kerntemperatuur ('core temperature') wordt 
verstaan de temperatuur in het inwendige van het lichaam, in tegenstelling tot de 
temperatuur van de huid en subcutane weefsels, die wordt aangeduid als de schiltempe-
ratuur ('shell temperature') en grote locale verschillen kan vertonen. 
Voor het handhaven van homeothermie beschikt de mens over twee fysiologische 
systemen, namelijk autonome thermoregulatie en gedragsthermoregulatie, die gezamen-
lijk zorgen voor een stabiele kerntemperatuur van circa 37°C. De autonome 
thermoregulatie regelt vooral de balans tussen de endogene warmteproductie en de 
warmteafgifte aan de omgeving. Dit gebeurt door middel van enerzijds vasoconstrictie 
van huidbloedvaten en chemische warmteproductie met (eventueel) rillen ('shivering') 
bij koude en een dreigende daling van de kerntemperatuur. Anderzijds zal een verhoog-
de warmteafgifte plaatsvinden, via de fysische mechanismen van straling, geleiding, 
stroming en verdamping, en door toename van huiddoorbloeding en zweetsecretie bij 
hitte of inspanning ter preventie van een verhoogde kerntemperatuur. Gedragsthermore-
gulatie speelt echter ook een heel belangrijke rol bij het handhaven van een stabiele 
kerntemperatuur, hoewel daaraan in de literatuur over stoornissen in de thermoregulatie 
vaak relatief weinig aandacht wordt besteed. Veelal vanzelfsprekend past de mens zijn 
gedrag aan een veranderende omgevingstemperatuur of andere weersomstandigheden. 
Deze gedragsthermoregulatie wordt grotendeels gestuurd door de mate van tempera-
tuurcomfort van de huid. De capaciteit van de autonome thermoregulatie-mechanismen 
om met name koude langdurig te weerstaan is beperkt. De mens kan echter toch vrijwel 
overal ter wereld (over)leven doordat hij in staat is tot gedragsthermoregulatie, met 
name door het aanpassen van kleding, omgevingsomstandigheden (temperatuur, 
windsnelheid en vochtgehalte), dieet en lichamelijke inspanning, en door het bouwen 
van woningen aangepast aan de klimatologische omstandigheden. 
Zowel de autonome als de gedragsthermoregulatie worden gecontroleerd door een 
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complex netwerk van thermoregulatiecentra in de hersenen, vooral in de area preoptica 
en het septum in de hypothalamus anterior die fungeert als een soort thermostaat. 
Informatie vanuit temperatuurreceptoren in zowel de huid als de kern van het lichaam 
wordt geïntegreerd in deze thermoregulatiecentra, en zonodig wordt de activiteit van 
de effector-mechanismen van autonome en gedragsthermoregulatie aangepast om de 
kemtemperatuur constant te houden en een acceptabel niveau van huidcomfort te 
hebben. 
In tegenstelling tot zoogdieren en vogels als homeotherme dieren zijn de meeste 
species poikilotherm. Poikilothermie betekent dat de lichaamstemperatuur niet auto-
noom wordt gecontroleerd op een constant niveau, maar geheel of in ieder geval 
grotendeels afhankelijk is van de omgevingstemperatuur. Bij de meeste poikilotherme 
diersoorten kan de lichaamstemperatuur grote schommelingen vertonen. Hoewel vele 
poikilotherme diersoorten binnen een zone van getolereerde lichaamstemperaturen grote 
variaties in lichaamstemperatuur kunnen verdragen, wordt daardoor hun biologisch 
functioneren ingrijpend beïnvloed. De meeste poikilotherme species hebben dan ook 
een bepaalde voorkeurstemperatuur waarbij biologische processen optimaal verlopen. 
Teneinde deze voorkeurstemperatuur te kunnen bereiken en al te grote variaties in 
lichaamstemperatuur te vermijden, beschikken vele poikilotherme diersoorten over een 
vorm van gedragsthermoregulatie, die mede afhankelijk is van de mogelijkheid om de 
omgevingstemperatuur waar te nemen en de capaciteit om zich naar een meer geschikte 
omgeving te verplaatsen. Er bestaat overigens geen absoluut verschil tussen poikilother-
me en homeotherme diersoorten en sommige poikilotherme species kunnen een 
kemtemperatuur handhaven die aanzienlijk hoger is dan hun omgevingstemperatuur. 
Een belangrijk verschil tussen Poikilothermie en homeothermie is de aanzienlijk hogere 
endogene warmteproductie en meestal ook hogere kemtemperatuur in homeotherme 
diersoorten. Hoewel dat vele voordelen biedt voor het biologische functioneren, heeft 
dit als nadeel dat de energiebehoefte van homeotherme species aanzienlijk hoger is. 
Bovendien kunnen homeotherme dieren grote veranderingen in kemtemperatuur niet 
verdragen, en kan een duidelijke verhoging of verlaging van de kemtemperatuur lethale 
gevolgen hebben. 
Talrijke factoren beïnvloeden de normale kemtemperatuur. Er bestaat geen 
eenduidige normaalwaarde van de kemtemperatuur, maar eigenlijk meer een normaal 
temperatuurgebied. De hoogte van de kemtemperatuur wordt beïnvloed door met name 
het dag-en-nachtritme, inspanning, menstruele cyclus, diverse medicijnen, 
gedragsthermoregulatie en plaats van temperatuurregistratie. Er wordt een kort (histo-
risch) overzicht gegeven van de klinische thermometrie en van de factoren die een rol 
spelen bij de meting van de kemtemperatuur op verschillende plaatsen. 
De mens is van nature homeotherm. Indien er echter storingen optreden in de 
autonome of gedragsthermoregulatie kunnen afwijkingen ontstaan van de kemtempera-
tuur. Er zijn zeer vele endogene en exogene factoren die de warnitebalans bij de mens 
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beïnvloeden, en het is dan ook vaak moeilijk om de precieze oorzaak van een gestoorde 
thermoregulatie vast te stellen. Bij beschadiging van de thermoregulatiecentra in de 
hypothalamus treden er stoornissen van de temperatuurregulatie op, die afhankelijk van 
de plaats en uitgebreidheid van de laesies kunnen leiden tot hypothermie, hyperthermic 
of Poikilothermie. Hoewel het vaak moeilijk valt te differentiëren, is uit onderzoek met 
proefdieren gebleken dat beschadiging van de hypothalamus anterior vooral hyperther-
mic kan veroorzaken, terwijl laesies in de hypothalamus posterior en hersenstam eerder 
leiden tot hypothermie of Poikilothermie. Vaak zijn bij hypothalame laesies zowel de 
autonome als gedragsthermoregulatie aangetast. 
In het laatste gedeelte van de Inleiding worden de oorzaken, pathofysiologie en 
behandeling besproken van hypothermie en hyperthermic bij de mens. Vervolgens 
wordt een overzicht gegeven van de patiënten met Poikilothermie die zijn beschreven 
in de literatuur. Een meer gedetailleerde beschrijving van de vier vrouwelijke patiënten 
met verworven Poikilothermie beschreven in dit proefschrift wordt gegeven in Hoofd-
stuk 3. Tenslotte wordt ingegaan op de klinische manifestaties en de implicaties voor 
de diagnose, behandeling en preventie van duidelijke fluctuaties in kemtemperatuur en 
manifeste hypothermie en hyperthermic bij patiënten met Poikilothermie. 
In Hoofdstuk 2 worden de resultaten besproken van het eerste onderzoek van 
autonome thermoregulatie-mechanismen tijdens blootstelling aan koude en vervolgens 
aan hitte in een klimaatkamer. Het onderzoek werd uitgevoerd bij de vier patiënten 
met Poikilothermie en als controle bij vier gezonde vrijwilligsters. Bij de proefpersonen 
veroorzaakte koude (omgevingstemperatuur 16,5°C) vasoconstrictie van de huidbloed-
vaten en rillingen, zonder duidelijke veranderingen van de rectale temperatuur (Tr). 
Aansluitend werd de omgevingstemperatuur verhoogd tot 40°C, hetgeen leidde tot 
gegeneraliseerd zweten en een geringe stijging van Tr van 36,3 ± 0.2°C (gemiddelde 
± SD) tot 37,0 ± 0,3 °C. De vier poikilothermie-patiënten waren spontaan hypotherm 
(Tr 34,1 ± 0,9°C) bij de start van het onderzoek, en vertoonden een daling van T r 
tijdens blootstelling aan koude van 0,3 tot 0,9°C. Na beëindiging van de koude-stress 
trad er tijdens opwarmen een verdere daling in T r van 0,3 tot 0,5°C op bij de patiënten; 
deze zogenaamde 'afterdrop' werd niet gezien bij de proefpersonen. Drie patiënten 
vertoonden geen duidelijke vasoconstrictie van huidbloedvaten en geen rillingen tijdens 
koude. Geen enkele patiënt vertoonde zichtbare transpiratie tijdens blootstelling aan 
hitte, en Tr steeg tot 38,0 - 38,5°C waarna het onderzoek werd beëindigd. De totale 
verandering in Tr tijdens blootstelling aan achtereenvolgens koude en hitte bedroeg 0,5 
tot 1,4°C bij de proefpersonen en 4,0 tot 6,1 °C bij de patiënten. 
Het basaalmetabolisme was tijdens hypothermie bij alle patiënten met Poikilothermie 
verlaagd (71 - 82%). Tijdens normothermie bleef de warmteproductie verlaagd in twee 
patiënten, terwijl bij de andere twee patiënten een vrijwel normaal basaalmetabolisme 
werd gemeten. 
Hoofdstuk 3 beschrijft een meer quantitatief onderzoek van de autonome 
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thermoregulatie by de vier patiënten met Poikilothermie en negen proefpersonen. Op 
twee verschillende dagen werden onderzoeken verricht in een thermoneutrale omgeving 
van 29°C en een relatieve vochtigheid (r.v.) van 50% en vervolgens tijdens blootstelling 
aan respectievelijk koude (17°C, r.v. 50%) gedurende 2 uur en hitte (40°C, r.v. 50%) 
gedurende 3 uur. 
In de thermoneutrale omgeving was de Tr van de patiënten duidelijk lager en de 
huid-temperatuur (met name van de extremiteiten) relatief hoog m verhouding tot hun 
kem-temperatuur. Blootstelling aan koude induceerde een geringe stijging van Tr bij 
de proefpersonen en een patient, en een toename in warmteproductie bij de proefper-
sonen en twee patiënten. In tegenstelling tot de proefpersonen vertoonde geen van de 
patiënten rillingen en bij slechts een patient trad adequate vasoconstnctie van de 
huidbloedvaten op. Blootstelling aan hitte induceerde een stijging m T r tot 38,0 ± 
0,2°C en in gemiddelde huidtemperatuur tot 37,4 ± 0,3°C bij de proefpersonen. By 
de patiënten waren deze waarden significant hoger met T r 38,0°C en een gemiddelde 
huidtemperatuur van 38,2 tot 38.6°C na drie uur; by een patient werd de blootstelling 
aan hitte na twee uur beëindigd wegens het bereiken van Tr 38,7°C. De patiënten 
vertoonden een significant lagere gemiddelde locale evaporatiesnelheid en gewichtsver-
lies door verdamping van zweet dan de proefpersonen. Een patient transpireerde 
helemaal niet De resultaten bij deze patiënten wijzen op inadequate autonome reactivi-
teit om hypothermie te voorkomen in een thermoneutrale of koude omgeving en om 
hyperthermic te voorkomen tijdens hitte. 
In Hoofdstuk 4 wordt een onderzoek beschreven van de reactiviteit van vasomoto-
nek van huidbloedvaten op locale koude-sümulaue en andere cardiovasculaire responsen 
tijdens spontane (vnjwel) constante hypothermie en normothermie by de vier 
poikilothermie-patienten in vergelijking met (normotherme) proefpersonen. Hoewel 
de basale vingertemperatuur van de patiënten tijdens hypothermie significant lager was 
dan tijdens normothermie en dan van de proefpersonen, bestonden er geen significante 
verschillen m basale huiddoorbloeding van de vinger en doorbloeding van de onderarm. 
Er waren by de patiënten aanzienlijke individuele verschillen in huiddoorbloeding als 
reactie op locale koude-samulatie, maar in het algemeen was de reactiviteit beter tijdens 
hypothermie dan tijdens normothermie. De onderzoeken naar de cardiovasculaire 
reacdviteit toonden aan dat er by de vier patiënten geen sprake was van gegeneraliseerde 
autonome ïnsufficientie. 
In Hoofdstuk 5 wordt nader ingegaan op het vermogen tot zweetsecretie bij de 
patiënten met Poikilothermie in vergelijking met proefpersonen. Zoals vermeld in 
Hoofdstuk 3 is de zweetsecretie-capaciteit tijdens hitte by de vier patiënten duidelijk 
verminderd. Locale stimulatie van de (eccnene) zweetklieren door intracutane toedie-
ning van acetylcholine en door ïontoforese met pilocarpine toonde aan dat er tijdens 
hypothermie een duidelijke verminderde respons optrad by de patiënten. Herhaling van 
de acetylcholine test by twee patiënten tijdens normothermie het weliswaar enige 
verbetering zien, maar de zweetrespons bleef lager dan by de proefpersonen. Het blijft 
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onduidelijk in hoeverre deze verminderde respons het gevolg is van een lagere kern-
of huidtemperatuur of verband houdt met de sterke neiging bij poikilothermie-patiënten 
tot langdurige hypothermie in ons klimaat. 
De bovenstaande bevindingen tonen aan dat de sterk verminderde stabiliteit van de 
kemtemperatuur bij de vier patiënten met Poikilothermie hoofdzakelijk wordt veroor-
zaakt door stoornissen van de centrale thermoregulatie-mechanismen. 
Hoofdstuk 6 beschrijft de electrocardiografische veranderingen tijdens spontane 
milde hypothermie (Tr 33,9 ± 0,7°C) en normothermie (T r36,6 ± 0,3°C) bij de vier 
patiënten. Holter-registratie gedurende 24 uur toonde een significante verlaging van 
de hartfrequentie en verlenging van het QT-interval (maar niet indien gecorrigeerd voor 
de hartfrequentie) tijdens hypothermie in vergelijking met normothermie. De variabili-
teit in hartfrequentie en het optreden van een atrioventriculaire Wenckebach blok 
waren duidelijk toegenomen tijdens hypothermic Deze bevindingen tonen aan dat zelfs 
milde hypothermie zonder blootstelling aan koude kan leiden tot veranderingen van 
het ECG. 
In Hoofdstuk 7 worden de resultaten besproken van een neurofysiologisch onder-
zoek naar de effecten van spontane (vrijwel) constante hypothermie en normothermie 
op evoked potentials en de geleidingssnelheid van perifere zenuwen. De waargenomen 
vertraging van short-latency somatosensory, brain-stem auditory, en visual evoked 
potentials en de afname in geleidingssnelheid in motore en sensore perifere zenuwen 
tijdens hypothermie in vergelijking met normothermie komen overeen met de eerder 
waargenomen temperatuur-effecten bij kortdurende, geïnduceerde hypothermie zoals 
bij hartchirurgische ingrepen. 
Het bestaan van Poikilothermie heeft belangrijke klinische implicaties, zowel voor 
de diagnose en behandeling als voor de qualiteit van leven en het risico op eventuele 
complicaties bij de betreffende patiënten. Een aantal factoren draagt ertoe bij dat de 
diagnose Poikilothermie vaak moeilijk is te stellen. Meestal zijn personen met 
Poikilothermie zich (tevoren) niet bewust van sterke variaties in de kemtemperatuur 
en is het in de relatief hoge en stabiele omgevingstemperatuur in een ziekenhuis moeilijk 
om een duidelijk verminderde thermostabiliteit vast te stellen tenzij daarnaar specifiek 
onderzoek wordt verricht. Gebruik van ongeschikte thermometers zoals de standaard 
kwikthermometer belemmert vooral het herkennen van hypothermie. Met name bij 
ontbreken van andere (endocriene) uitvalsverschijnselen van de hypothalamus en 
onvoldoende alertheid op het bestaan van Poikilothermie is de diagnose moeilijk te 
stellen. Poikilothermie heeft bovendien een uitgebreide differentiaaldiagnose, waaronder 
talrijke stoornissen en medicamenten die kunnen leiden tot verminderde stabiliteit van 
de kemtemperatuur of manifeste hypothermie en hyperthermic Tenslotte kan een 
gestoorde autonome thermoregulatie gemaskeerd worden door aangeleerde gedragsther-
moregulatie, waardoor de stoornis pas symptomatisch wordt bij het falen van de 
gedragsthermoregulatie of bij blootstelling aan erge koude of hitte. 
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Klinisch is het belangrijk om Poikilothermie te herkennen en de ernst ervan vast 
te stellen. De presentatie en mate van Poikilothermie vertonen grote individuele 
verschillen en zijn vooral afhankelijk van de plaats en aard van de (hypothalame) laesies, 
het optreden van compensatoire autonome of gedragsthermoregulatie, omgevingsfacto-
ren en bijkomende aandoeningen die leiden tot een verminderde stabiliteit van de 
kemtemperatuur. In een koud of gematigd klimaat zullen patiënten met Poikilothermie 
zich vooral presenteren met intermitterende of langdurige hypothermie, veelal zonder 
duidelijke voorafgaande blootstelling aan koude; dergelijke patiënten lopen echter ook 
risico op hyperthermic bij hitte of langdurige inspanning. Een milde mate van 
Poikilothermie komt relatief vaak voor bij (premature) pasgeborenen, bejaarden en 
patiënten met een dwarslaesie. Ernstiger Poikilothermie komt vooral voor bij beschadi-
ging van de hypothalamus en kan ventrekkende gevolgen hebben. 
Duidelijke variaties van de kemtemperatuur, en met name manifeste hypothermie 
en hyperthermic, beïnvloeden in aanzienlijke mate zowel het lichamelijke als geestelijke 
functioneren van patiënten met Poikilothermie. Het optreden van klinische verschijnse-
len is afhankelijk van het niveau van de kemtemperatuur, maar ook relatief geringe 
afwijkingen van de kemtemperatuur kunnen gepaard gaan met duidelijke symptomen. 
De voornaamste verschijnselen die bij onze patiënten optraden bij lichte tot matige 
hypothermie bestonden uit vermindering van de intellectuele functies, daling van het 
bewustzijn, bradyfrenie, verwarring, desoriëntatie, geheugenstoornissen, moeheid, 
lethargie, stoornissen qua spraak en evenwicht, bradycardie en soms insulten. Zij waren 
zich daarbij niet bewust van hun kemtemperatuur en vertoonden geen duidelijke 
gedragsthermoregulatie. Tijdens milde hyperthermic vertoonden onze patiënten vooral 
verschijnselen van gedaald bewustzijn, slaperigheid, verminderde intellectuele functie, 
symptomen van uitputting door hitte en soms insulten. 
Patiënten met Poikilothermie lopen risico op ernstige hypothermie en hyperthermic, 
met soms levensbedreigende complicaties. Bij de behandeling van Poikilothermie is het 
van belang om de onderliggende pathofysiologie te begrijpen en om bijkomende 
aandoeningen die kunnen leiden tot een verminderde thermoregulatie of manifeste 
hypothermie en hyperthermic te herkennen en adequaat te behandelen. Speciale 
aandacht dient daarbij besteed te worden aan eventuele infecties in geval van een 
verhoogde kemtemperatuur bij poikilothermie-patiënten, evenals aan mogelijke andere 
stoornissen van de hypothalamus of qua gedragsthermoregulatie. De diagnose Poikilo-
thermie dient te worden overwogen bij iedere patiënt met een onverklaarde hypother-
mie of hypothermie. 
Richdijnen voor de behandeling van hypothermie en hyperthermic zijn voorname-
lijk gebaseerd op uitgebreide ervaring bij patiënten met deze aandoeningen na blootstel-
ling aan ernstige koude en hitte, maar dienen voorzichtig te worden toegepast bij 
hypothermie en hyperthermic zonder duidelijke voorafgaande blootstelling aan koude 
of hitte, met name bij patiënten met Poikilothermie. 
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Goede diagnostiek van Poikilothermie vereist een nauwkeurige anamnese en 
adequate analyse van de autonome en gedragsthermoregulatie in het dagelijkse leven 
en tijdens blootstelling aan koude en hitte, evenals het vaststellen van bijkomende 
risicofactoren voor een verminderde stabiliteit van de kemtemperatuur. Als de diagnose 
Poikilothermie eenmaal is gesteld, kunnen een nauwkeurige monitoring van de 
kemtemperatuur (bij voorkeur met alarminstellingen tijdens blootstelling aan koude en 
hitte), goede gedragsthermoregulatie en adequate behandeling van onderliggende 
ziekten ertoe bijdragen om fluctuaties in de kemtemperatuur te beperken, het somati-
sche en mentale functioneren van patiënten met Poikilothermie te verbeteren en de 
mogelijke complicaties van hypothermie en hyperthermic te voorkomen. 
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STELLINGEN 
behorende bij het proefschrift 
POIKILOTHERMIA IN MAN 
Pathophysiological aspects and clinical implications 
Marius MacKenzie 
Nijmegen, 13 november 1996 
1 Bij personen met Poikilothermie kunnen relatief kleine veranderingen van 
de kerntemperatuur reeds duidelijke invloed uitoefenen op zowel het 
somatische en psychische functioneren als ook op de resultaten van 
(neuro)fysiologisch onderzoek (dit proefschrift) 
2 De diagnose Poikilothermie dient te worden overwogen by iedere patient 
met (intermitterende) hypothermie of h\perthermie, met name bij 
afwezigheid van een daartoe predisponerende ziekte (dit proefschrift) 
3 Adequate diagnostiek en behandeling van Poikilothermie kan aanzienlijk 
bijdragen aan het verbeteren van de kwaliteit van leven van patiënten met 
deze aandoening en aan het voorkomen van potentieel ernstige complicaties 
van hypothermie en hvperthermie (dit proefschrift) 
4 Het optreden van 'afterdrop' (daling van de kerntemperatuur tijdens 
opwarmen na blootstelling aan koude) berust voornamelijk op equilibrale 
van temperatuur tussen de kern en meer oppervlakkige gedeelten van het 
lichaam De mate van 'afterdrop' wordt mede bepaald door de endogene 
warmteproductie (dit proefsclirtft) 
5 Bij de diagnostiek, behandeling en maatregelen ter preventie van 
(intermitterende) hypothermie en hyperthermic wordt vaak onvoldoende 
aandacht geschonken aan het belang van 'behavioral thermoregulation' 
(dit proefsilirijt) 
6 De richtlijnen voor behandeling van 'klassieke' hypothermie en 
hyperthermic zijn niet zonder meer toepasbaar bij patiënten met Poikilo-
thermie (dit proefschrift) 
7 Bij de diagnostiek en behandeling van patiënten met een verhoging van de 
kerntemperatuur dient steeds onderscheid gemaakt te woi den tussen koorts 
en hyperthermic, beide kunnen echter tegelijkertijd optreden Met name bij 
immuun-gecompromitteerde patiënten zijn beide entiteiten vaak moeilijk 
te differentieren en dient elke verhoging van de kerntemperatuur primair als 
infectieus van aard te worden beschouwd 
8 Elke clinicus dient op de hoogte te zijn van de factoren die de normale 
lichaamstemperatuur beïnvloeden en van de specifieke beperkingen van het 
type thermometer en de plaats van temperatuurregistratie 
9. Gezien de preoccupatie met veranderingen van de omgevingstemperatuur 
bestaat er opvallend weinig aandacht voor variaties van de inwendige 
temperatuur, tenzij het koorts betreft 
10 Het geloof in genetische predeterminatie van somatische en psychische 
ziekten doet onvoldoende recht aan de invloed van omgevingsfactoren en 
aan de individuele mogelijkheden om zelf invloed uit te oefenen op het 
ontstaan van ziekten. 
11 Het belang van een nauwkeurige, leesbare statusvoenng voor een optimale 
en continue patiëntenzorg en voor het verkrijgen van relevante gegevens 
voor klinisch-wetenschappelijk onderzoek wordt nog onvoldoende erkend 
12. De wetenschap doet onze kennis toenemen in dezelfde mate waarin ze onze 
trots doet afnemen 
Claude Bernard (Í813-Í878) 
13. Wetenschappelijk onderzoek is als Dressuumjden beide vereisen aanleg, 
inspiratie, toewijding, volharding, streven naar perfectie, en geluk Voor 
beide geldt echter dat soms onvoldoende tijd en aandacht wordt gegeven 
aan een goede basis. 
14 De heilzame werking van tolt by IJslandse paarden voor mensen met 
rugklachten verdient meer bekendheid. 
15. Wat niemand zoekt, wordt zelden gevonden 
JH Pestalozzi (1746-1827) 
16. Never measure the height of a mountain, until you have reached the top 
Then you will see how low it was. 
Dag Hammarskjold (1905-1961) 



